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‘THE STRUCTURAL BASIS OF THE EVOLUTION OF THB 
- _ RESPIRATORY MECHANISM IN CHELONIA* 


i C. GEORGE AND R. V. SHAH 


Laboratory of Comparative Anatomy, Department of Zoology, 
M. S. University, Baroda. 


‘HE origin of the chelonians is shrouded in mystery. Transitional 
“ ancestral forms are practically unknown. Nor is the evolution of the 
‘gtoup any better known. The comparative study of chelonian features 
sheds: little light on the subject, since they follow a monotonous pattern 
‘in n the various families. 


Since in these reptiles the ribs have been rendered immovable, the 
‘intercostal muscles have disappeared and the body wall turned rigid. 
‘The mechanism of respiration was a puzzle from the very early days. From 
Malpighi, Cuvier, and Agassiz to some recent investigators like Wolf 
(1933), Ludicke (1936), Noble and Noble (1940) and McCutcheon 
‘(1943 ), the subject remained a live issue. Wolf was the first to suggest 
that the movements of. the limbs in and out of the shell respectively 
-caused expiration and inspiration. Ludicke in observing the throat move- 
‘ments suggested that the aquatic species could swallow air, unlike the 
-terrestrial forms like Testudo gracea. Cloacal respiration is also believed 
to be present in certain aquatic species.- ; 

-- McCutcheon (1943) performed some interesting experiments on 
turtles and as a result attributed to the flank cavity muscles and the 
‘muscular membranes which enclose the viscera, a role similar to that of 
the body wall in other reptiles, in bringing about pulmonary action, 
‘while he contended that the pressure created by the throat movements is 
associated with olfaction and not respiration. 

Recently we (1954 and 1955 a) reported the occurrence of a pair 
of striated muscle sheaths probably homologous to the intercostal muscles, 
encasing the lungs in Lissemys punctata. When the muscle sheaths were 
made to contract by electrical stimulation of their nerves, expiration 
occurred. Conversely when the muscle sheaths relaxed, inspiration took 


ww. preliminary report was presented at the XVth International Congress of Zoology 
at London, 1958. Proceedings, ( 1959 ), 957: 
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place. Similar sheaths were found also in another chelonian Geomyda, 
trijuga, with the difference that in this turtle the sheaths were partly 
muscular and partly membraneous. This set of muscle sheaths is a new 
find and the bellows-like action of the muscle sheaths is a wnique respira- 
tory mechanism. These results stimulated us to make a more extensive 
study of the mechanism of respiration in the Chelonia, 


Material and Method 


The following is a list of chelonians examined: Lissemys punctata, 
pond turtle; Trionyx gangeticus, river turtle ; Chelydva serpentina, lake and 
river turtle ; Evetmochelys imbricata, marine turtle ; Geomyda trijuga, semi- 
fresh-water turtle; Testudo elegans and Malcochersus tornieri, both terrestrial 
forms. These included representatives from fresh-water, marine and 
terrestrial habitats and their study comprised muscles enclosing the viscera, 
flank cavity muscles, lung musculature and the structure of the lung. For 
studying the detailed structure of the lung, the tissue was fixed in Bouin’s 
fluid and microtome sections of 5 thick were cut. They were stained 
with haematoxylin and eosin. 


Observations 


Flank cavity muscles: The flank cavity muscles consist of the 
serratus magnus anteriorly and the obliguus obdominis posteriorly. The 
serratus magnus, though a trunk muscle arising from the antero-lateral 
border of the carapace at its union with the plastron, is functionally a 
muscle of the shoulder girdle. The anterior half of the muscle is. inserted 
on the postero-ventral border of the scapula, while. the posterior half 
running medially gains insertion on the antero-dorsal border of the coracoid, 
The muscle acts as a depressor and lateral rotator of the shoulder effecting 
slight abduction of the arm, When such a movement is brought about, 
an increase in the size of the body cavity is brought about. This facili- 
tates inspiration. The origin, course and insertion of this muscle are 
essentially similar in all the chelonians examined, though in the less active 


forms Geomyda, Testudo and the soft-shelled tortoise Malacochersus the 
muscle is less well developed, 


The obliquus abdominis in Lissemys and Trionyx is made up of two 
parts, the obliquus abdominis externus and the obliquus abdominis internus. 
The former is a flat muscle which arises from the lateral border of the 
carapace at the level of the first and second marginals in Lissemys and 
from the corresponding region in Trionyx in which no marginals are 
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( Figs. 1 to 6 ) 


‘TesTUDO & MALACOCHERS 


Fig. & 


Ventral view showing the disposition of the flank cavity and other muscles concerned with respiration. 


B.—Bronchus ; C. A. R.—Carapace ; D.—Diaphvagmaticus ; 


M. D.—Membraneous diaphragmaticus ; M. R.—Marginals ; 

M.S. P.—Muscularis striatum pulmonale ; M. M.S. P.—Membyaneous muscularis striatum pulmonale 3 M.S. 
Muscularis styiatum pulmonale (shown cut); O, A.—Obliquus abdominis ; O. E.—Obliquus abdominis exte! 
O. I.—Obliquus abdominis tnternus ; T. A.—Tyvansversus abdominis ; S. M.—Serratus magnus. ; 
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Fig, 8 


Section of the lungs of Lissemys and Trionyx respectively. aoe 
Al,—Alveoli ; C, T.—Connective Tissue ; Brent SaaEe 
M.S. P.—-Muscularis striatum pulmonale.” 
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differentiated. It runs obliquely, medially and posteriorly and then 
becomes tendinous. Thereafter it joins the membraneous part of the 
transversus abdominis to gain.a common insertion on the dorsal aspect of 
the pubic symphysis. The obliguus abdominis internus arises from the 
lateral border of the costal plates corresponding to the third and fourth 
marginals. It runs obliquely, medially and anteriorly and after becoming 
tendinous jvins the obliguus abdominis externus to gain a common inser- 
tion. These muscles when contracting bring about the movements of the 
pelvic girdles and also decrease the pressure in the body cavity by increas- 
ing its size. Along with the serratus magnus they facilitate inspiration. 
In the other chelonians the obliquus abdominis is a single large flat 
muscle, having similar associations, 

Muscles enclosing viscera: These consist of the diaphragmaticus an- 
teriorly and the transversus abdominis posteriorly. The disposition of these 
muscles is very similar in Lissemys and Trionyx. They arise from the 
inner lateral border of the carapace from the first to the seventh ribs in 
these chelonians, with the difference that in Trionyx there is a wider area 
of origin. They then proceed laterally downward and after becoming 
membraneous get inserted on the plastron in the middle and partly on the 
dorsal aspect of the pubic symphysis also. In these two chelonians these 
muscles thus form a complete covering for the viscera. 


The disposition of the évansversus abdominis in the other chelonians is 
very similar. The two halves of the muscle on either side are not joined. 
The diaphragmaticus is degenerate completely ,in Testudo, Malacochersus 
and Chelydra leaving only a membrane in its place. In Geomyda and 
Eretmochelys, however, the diaphragmaticus is slightly fleshy in the an- 
terior region, but otherwise resembles that in the three forms mentioned 
above. 

Muscles encasing the lungs: The muscular covering over the lungs 
in Lissemys in which it is best developed arises from the marginal tracts 
of a pair of elliptical areas on the ventral aspect of the carapace, in the 
region of the second to the fifth ribs. The fibres of the muscles run under 
the lungs to form a close covering for each lung. In Geomyda, however, 
the muscular part of the sheath is confined to the anterior half of each 
lung the posterior half being membraneous. This muscle is innervated by 
the intercostal nerves. We propose to call this muscle by the name 
muscularis striatum pulmonale. In the other chelonians examined the 
muscle is represented by a thin membrane formed of connective tissue. 
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Discussion 


The present investigations throw some light on the evolution of the 
_ respiratory mechanism in the Chelonia. With the formation of the carapace 
_and plastron and the ribs rendered immovable, the early chelonians must 
_ have utilized the internal intercostal muscles to pump air out of the 
_ lungs. The newly discovered muscle sheath around the lungs in Lissemys 
: perhaps shows a primitive condition, and if so this muscle sheath is 
homologous with the internal intercostal muscles. Recent studies of 
Williams and McDowell (1952) on the plastron in Testudinata and 
: Trionychidae have shown that the Lissemydinae are a primitive group and 
_ our studies ( 1955b, ’55c, 57, 58) on chelonian myology also suggest the 
_ primitiveness of the subfamily. 


In all the other chelonians studied except in Geomyda, the lung 
_ muscles are reduced to a mere membrane and the condition noted in 
_ Geomyda is transitional, with only the anterior portion of the lungs, 
enveloped by the muscles. With regard to the muscles enclosing the 
viscera, the diaphragmaticus and the transversus abdominis, variations have 
_ been noted. In Lissemys and Trionyx these two muscles cover the viscera, 
_ The diaphragmaticus has degenerated in all the others except Geomyda 
and Eretmochelys in which remnants are present. In place of the 
diaphragmaticus a membrane is present in those in which it has degenerat- 
ed. The primitiveness of Lissemys and Trionyx and the intermediate 
position of Geomyda is supported by the study of chelonian skulls by 
ra Smith ( 1935 ) who has shown that the jugulo-quadrate bar characteristical- 
_ ly present in Lissemys and Trionyx appears to be gradually disappearing 
in Geomyda and completely lost in Testudo, 
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The interesting conclusions to be arrived at from the study of the 
i respiratory muscles, are not the variations in the various muscles, but the 
4 replacement of the older type of mechanism in Lissemys by the latter one 
in Testudo and others, In Lissemys, inspiration is a passive process, 
_ while expiration is the active one. This is due to the bellows-like action 
of the muscularis striatum pulmonale, aided by the outer-lying diaphragm- 
aticus and transversus abdominis. In Trionyx too, the same type of inspira- 
_ tion takes place, though the inner layer of muscle sheaths ( muscularis 
striatum pulmonale ) has degenerated. The degeneration has resulted in 
yielding more space for the lungs to expand into, while the outer muscles 
~ alone being sufficient to bring about lower pressure around the lungs, to 
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cause inspiration and sufficient external pressure around them on contrac- 
tion to cause expiration. 


_ With the degeneration of the diaphragmaiticus in all the forms other 
than Lissemys, Trionyx and Eretmochelys, expiration is no longer an 
active process. In these the flank cavity muscles by their action bring 
about inspiration and when they relax, expiration passively takes place. 
Geomyda while breathing like Testudo tells its own tale of being a half-way 
house in respect of the degeneration of the muscularis striatum pulmonale 
and diaphragmaticus. - 
Summary 

1. Respiratory mechanism in-Lissemys appears to be the most 
primitive with a layer of muscle around each lung and also an outer layer 
of muscles around the viscera. These muscles by their contraction bring 
about expiration and by relaxation inspiration, The same type of mechan- 
ism works in Trionyx, though the muscle sheaths around the lungs have 
degenerated. 


2. In others the fauk aGiky hubeies repiade the muscles round the 
Jungs and around the viscera as respiratory muscles. The flank cavity 
muscles by their contraction cause inspiration and by their relaxation 
expiration. 


3. Remnants of the lung muscle muscularis striatum pulmonale as 
well as of the diaphragmaticus are’ still retained in Geomyda. Those of 
“ayli are left in Eretmochelys. — ; 
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A STUDY OF THE CEPHALO-PHARYNGEAL SKELETON OF 
THE LARVA OF MUSCA DOMESTICA NEBULO FABR. 


D, R. RANADE 
Department of Zoology, University of Poona, Poona 


EWSTEAD (1908 ) has studied the habits and life history of Musca 

domestica, L. Howard ( 1911) has described the bionomics and control 
of Musca domestica, L. Hewitt (1914) was the first to work out in detail 
the bionomics, morphology, disease relationships and control of the same 
fly. Keilin (1915) has made a valuable contribution to our knowledge 
of the dipterous larvae. Tao (1927) made a very careful study of the 
early stages of several muscoid flies. West (1951) has dealt with the 
natural history, medical importance and control of Musca domestica L. 
Deoras and Ranade (1957) have described the life history of the com- 
monest Indian housefly, Musca domestica nebulo, Fabr. However, the 
cephalo-pharyngeal skeleton has not been described in detail. The cephalo- 
' pharyngeal skeleton is useful to determine the exact instar of the larva. 
Taking into consideration this importance, this study of the structure of 
- the cephalo-pharyngeal skeleton was undertaken by the author. 


Material and Methods 


The flies were bred in large numbers id the laboratory, by feeding 
the larvae on a semisolid mixture of wheat bran, yeast and water, and the 
adults on milk and sugar. The larva were killed in hot water and kept in 
5% KOH overnight. The cephalo-pharyngeal skeleton was dissected and 
after the usual processes of dehydration was mounted in canada balsam. 
The drawings were made with camera lucida. 


Observations 


The eggs hatch within 24 hours after oviposition. At 24°-35°C 
hatching takes place within 8-12 hours. 


The larva or maggot passes through three stages or instars which 
means that in the course of development, it moults twice with distinctive 
changes of structure at each ecdysis. Immediately after emergence the 
larva wriggles actively inside the breeding media. By forward and side- 
way thrusts with the head assisted by the cephalo-pharyngeal skeleton, it 
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Fig. 1—Third instar larva. 


Fig. 2—Cephalo-pharyngeal skeleton of the first instar larva. 
(A) Lateral pharyngeal sclerites ; (B) Dorsal sclerites ; (C ) Hypostomal scle- 
rites ; (D) Median hook ; (E) Dorsal elongated sclerite ; (F) Ventral elongated 
sclefite ; (G) Supra-buccal denticles. 


Fig. 3—Cephalo-pharyngeal skeleton of the second instar larva, 
(A, B, C) same asin Fig. 2,; ( D) Posterior pair of ventral! sclerites (D’ ) Poste 
erior pair of dorsal sclerites; (E] Anterior pair of ventral sclerites; (E’) An- 
~ terior pair of dorsal sclerites ; (F) Supra-buccal denticles. 


Fig. 4—Cephalo-pharyngeal skeleton of the third instar larva. 
(A, B, C) Same asin Fig. 2.; (D ) Mandibular sclerite ; (E ) Dentate sclerite, 


makes a tunnel and goes deeper and deeper in the food. It is negatively 
phototropic. The first instar larva is 1.3 mm. long. It moults within 
20 hours after hatching. The second instar larva is 3 mm. long and 
‘moults within 24 hours. The third instar larva is 10 mm. long and feeds 
_ for 6-10 days before pupating. 


The larval instars have twelve easily recognisable segments, the 2nd 
_ Segment being usually double. A total of 13 segments can be counted. 
- They have no eyes, legs, antennae or other appendages. The mouth parts 
can be said to consist only of the cephalo-pharyngeal skeleton which is 
lodged in the oral lobes. Segments 2-5 have complete spinose rings and 
segments 6-12 have on their ventral side crescent-shaped spiniferous pads 
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which help the larvae in locomotion. The last, the 13th or anal segment 
has two lobes which are also useful in locomotion. The anterior end of 
the larva is tapering and the-posterior end is broad. 


Cephalo-pharyngeal skeleton of the first instar larva: (Fig. 2). It 
is slender, chitinous and consists of (i) a pair of lateral pharyngeal 
sclerites (A), (2) a dorsal sclerite (B), ( 3) a pair of hypostomal sclerites 
(C), (4) a median hook (D), (5) one dorsal (E) and one ventral 
(F ) pair of elongated sclerites, and (6) supra-buccal denticles (G). 


The lateral pharyngeal sclerites ( A) are the largest ; they are deeply 
incised posteriorly thus forming the dorsal and ventral processes. These 
processes are connected antero-dorsally by a curved dorsal sclerite (B). 
It is less chitinous and has a network structure, which serves to differ-_ 
entiate the family Muscidae from the Calliphoridae. The lateral pharyn- 
geal sclerities are united ventrally. Anteriorly they are produced to form 
a pair of slender processes to which are articulated, a pair of strong., : 
rectangular, chitinous hypostomal sclerites (C). Anterior to these 
hypostomal sclerites is the median hook (D). On either ‘side of this 
hook lie two pairs of slender, enlongated and curved sclerites. The ‘dorsal 
pair (E) is longer and articulated anteriorly with the supra-buccal 
denticles (G). The ventral pair (F) is smaller and shorter and articu- 
lates posteriorly with the hypostomal sclerite { C). 

Cephato-pharyngeal skeleton of the second instar larva: Fig. 3). 
Tt is more ‘chitinized than that of the first instar larva and consists of :— 
(1) a pair of lateral pharyngeal sclerites (A),"(2) a dorsal sclerite (B), 
(3) a pair of hypostomal sclerites (C), ( 4.) two pairs of ventral sclerites 
(D, E), and (5) two pairs of dorsal sclerites (D’, E’) and (6) supra- 
buccal denticles ( F ). 

The lateral pharyngeal sclerites (A) arethe largest. Their posterior 
sinuouses are curved in forming dorsal ‘and ventral processes, which are 
thicker. These sclerites and are connected antero-dorsally by a curved 
dorsal sclerite (B). It is less chitinous and shows a net work ‘structure. 
The anterior edges of the lateral pharyngeal sclerites are produced a little 
ventrally, and to them is articulated a pair of strong, chitinous, quadri- 
lateral hypostomal sclerites (C). The posterior matgins of these sclerites 
are broader than the anterior ones. Anterior to the hypostomal sclerites 
are situated four pairs of irregular sclerites, of which two pairs are dorsal 
and two ventral. Out of the two ventral sclerites the posterior pair ( D ) 
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consists of slender, small sclerites which articulate with the antero-ventral 


- margin of the hypostomal sclerite (C), The anterior pair ( E ) consists of 


plough-shaped, strong sclerites which are articulated with the dorsally- 
situated pair of posterior sclerites. Out of the two dorsal pairs of sclerites, 
the posterior pair (D’) consists of small, wing-shaped sclerites. The 
anterior pair (E’) has elongated, straight chitinous sclerites, which arti- 
culate anteriorly with the supra-buccal.denticles( F ). In advanced second 
instar larva dorsal to the anterior pair of dorsal sclerites is present a pair 
of chitinized, hook-like mandibular sclerites. 


Cephalo-pharyngeal skeleton of the third instar larva: ( fig. 4) It is 
greatly chitinized, massive and consists of the following sclerites. (1) a 
pair of lateral pharyngeal sclerites (A), (2) a dorsal sclerite (B), (3) a 
pair of hypostomal sclerites (C ), (4) a pair of mandibular sclerites (D ) 
and (5,) a pair of dentate sclerites. (E). 

The lateral pharyngeal sclerites (A) are heavily chitinized plates, 
posteriorly wider and deeply incised. They are united ventrally forming 
a trough in which lodges the pharynx. Antero-dorsally these sclerites are 
united by the dorsal sclerite (B) which firmly fuses with them, The 
anterior edges of the lateral pharyngeal sclerites are produced ventrally a 


4 little distance and then they join with the hypostomal sclerites (C). 
_ These sclerites consist of two irregularly-shaped sclerites which are united 
_ ventrally. Anteriorly these are articulated to .a pair of mandibular sclerites 


(D) which lie between the oral lobes. The mandibular sclerites are hook- 
like and the left sclerite is always shorter than the right. The basal 


_ extremities of these sclerites are broad and at each side there is a notch 
_ where the dentate sclerite {E) articulates. 


‘Discussion 
Tt will be found from the above description that the cephalo-pharyn- 


_ Peal skeleton ‘of the muscid larvae is modified as the larva grows ‘and 
- moults. In Nematocerous Diptera (¢.g. Mosquito larva) typical biting 
_ and chewing mouth parts are present. Among the Brachycera, the same 
_ parts, are somewhat variously modified, and the mandibles work in the 
_ vertical plane. In Cyclorrhapha to which the family Muscidae belongs, 
_ the typical mouth parts have undergone atrophy in correlation with the 
_ reduction of the head. Keilin (955) has shown that in saprophagous larvae 
_ the floor of the pharyngeal sclerite is beset with longitudinal ridges which 


_ project into the cavity of the pharynx. dn the case of larva feeding on 
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living animal or vegetable tissues, these ridges are found to be reduced or 
absent. In phytophagous larvae, the mandibular sclerites are toothed 
and in carnivorous larvae they-are sharp and pointed, while in parasitic 
larvae the buccal armature is greatly reduced. 


The changes which have led to the atrophy of the normal biting 
mouth parts in the larvae of Cyclorrhapha are closely associated with the 
backward shifting of the brain and the other structures of the region as a 
result of which the development of imaginal head takes place within the 
larval metathorax. 


Deoras and Ranade ( 1957 ) have listed the works of several authors 
on the food requirements of housefly larvae. The actual food of the larva 
is not however, known, but it is believed that it absorbs only liquid food. 
The lateral pharyngeal sclerites have longitudinal ridges and the cephalo- 
pharyngeal skeleton as a whole is adapted for suction. The mouth parts 
vary in the succeeding instars and during ecdysis, along with the lining of 
the stomodaeum, proctodaeum, and the spiracles, the mouth parts are 
also shed. The larvae feed continuously burrowing constantly in the food 
medium. The mouth parts are useful in locomotion. They leave the 
food medium when it gets dried up or when the feeding is complete at 
the end of the third instar when they reach maturity. They then move 
out and search for a dry place for pupation. 

Further work on the larval food and larval anatomy is in progress 
and the details will be published sometime later. 


’ 


Summary 

The cephalo-pharyngeal skeleton of the first, second and third instar 
larvae of the housefly is described in detail. Its structure varies in each 
instar. In first instar larva it is less chitinous and consists of several 
sclerites. In second instar larva, it undergoes several modifications with 
an increase in the number of sclerites. In third instar larva it is a mas- 
sive, chitinous skeleton with less number of sclerites. Thus it helps to 
determine the exact instar of the larva. ; 
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STUDIES ON THE STRUCTURE AND PHYSIOLOGY OF 
THE FLIGHT MUSCLES OF BIRDS 
5. Some Histological and Cytochemical Observations on the 
Structure of the Pectoralis* 


J. C. GEORGE AND R. M. Naik 


Laboratories of Comparative Anatomy and Animal Physiology, 
Department of Zoology, M.S. University of Baroda, Baroda 


(2 Plates ) 


George and Jyoti ( 4955a ) and George and Naik (1957a) recorded 
some observations on the structure of the breast muscle in a few birds 
and suggested the possibility of some relationship between the structure 
of the muscle and the mode of flight. Following this line of investigation 
a comparative study of certain structural peculiarities of the pectoralis in 
relation to function in some birds is presented here. 

Material and Methods 


The following birds used in the present study were either shot with 
air rifle or trapped alive, 

A. Birds exhibiting shooting type of flight: Blue-tailed Bee-eater 
( Merops superciliosus ), House Sparrow ( Passer domesticus ), Indian Robin 
( Saxicoloides fulicata ), Mahratta Woodpecker ( Liopicus maharattensis ), 
Red-vented Bulbul ( Molpastes hoemorrhous ), White-breasted Kingfisher 
( Haleyon smyrnensis ), 

B. Birds exhibiting flapping type of flight: Blue Jay ( Corasias 
bengalensis ), Cattle Egret ( Bubulcus ibis), Common Babbler ( Argya 
caudata ), Common House Crow (Corvus splendens), Common Myna 
( Acridotheres tristis ), Crow Pheasant ( Centropus sinensis ), Green Parakeet 
( Psittacula Krameri), Koel ( Eudynamis scolopaceus ), Paddy-Bird 
( Ardeola gray1 ), Pied Crested Cuckoo ( Clamator jacobinus ), Red-rumped 
Swallow (Hirundo daurica), Red-wattled Lapwing (Sarcogrammus indicus). 

C. Birds exhibiting soaring flight: Common Pariah Kite ( Milvus 
migrans ), Shikra ( Astur badius ), White-backed vulture ( Pseudogype 
bengalensis ). 


* The term pectoralis refers to the pectoralis major and does not include pectoralis 
minoy which should be better named as supracoracoideus. 
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D.. Nonflying birds: Domestic Fowl (Gallus domesticus ), Grey 
Partridge ( Francolinus pondicerianus ). 


General observations on the structure of the muscle were made from 
fresh frozen sections as well as frozen sections of muscle pieces fixed in 
10% neutralised formalin. 


Studies on the distribution of fat, glycogen and mitochondria in the 
pectoralis were confined only to the dove, parakeet, kingfisher, kite and 
fowl which were procured alive. The animals were decapitated and small 
pieces of muscle were cut out and fixed in appropriate fixatives. For the 
demonstration of fat, the muscle pieces fixed in Formol-Calcium were post- 
chromated ( Baker, £946), embedded in gelatin (Clark, 1947) and the 
sections were stained with Sudan Black B. For the demonstration of 
glycogen thin strips of muscle fixed in Rossman’s fluid ( at-10°C ) were 
embedded i in paraffin and sections were stained with Best Carmine. Some 
sections were also stained _by PAS technique as described by Pearse 
( 1954). The control sections were incubated in saliva. Prior to stain- 
ing all sections, control as well as sample, were coated with celloidin, 
Altmann’s method was adopted for the demonstration of mitochondria, _ 


mG 2) sv +t. 9° 4... - ‘Observations 


Histology : Group ‘A and B; Among the birds studied, the bees 
eater and ‘the swallow are peculiar i in so far as their Pectoralis i is composed 
uniformly. of red fibres only. In others however, ‘though. the muscle is 
mainly made up of red. fibres, an admixture of lighter coloured fibres is 
met with. “Some of. ‘these light coloured fibres may be almost whitish. In 
the dove ‘for example which i is allied to the pigeon, the lighter fibres” thay 
be described as white. In the cattle egret and the kingfisher the lighter 
fibres are distributed throughout the niuscle, though in the superficial 
layers they are more in number. In others on the Contrary, lighter ae 
are confined ony to the superficial layers. 


_ Group C; a the kite and vulture, the pectoralis can be divided 
into superficial and, deeper parts according to the nature of the muscle 
fibres. The superficial part which forms the main bulk of the muscle 
contains only red fibres, whereas the deeper layer contains only light fibres, 
but the diameter. of the, fibres in. the two regions does not show any 
significant difference. . The separation between these two parts is complete 
‘n the vulture but incomplete in the kite, The pectoralis of the hawk 
m3 
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differs from that of the kite and vulture in that it is of mixed type, with 
light and red fibres distributed throughout the substance of the muscle. 

Group D: In the fowl and partridge, all the muscle fibres are light 
in colour even though there is a great variation in the diameter of the 
fibres. Out of two specimens of partridge dissected, in one in the deeper 
layer of the pectoralis a small patch towards the anterior region showed a 
tinge of red, the microscopic examination of which showed the presence of 
light as well as red fibres. 


Cytology: The colour of the muscle fibres is mainly due to the 
presence of the respiratory pigment myoglobin and granular inclusions 
(mitochondria and fat globules). When stained with Sudan Black B, 
the fat globules appear dark whereas the mitochondria are stained lightly. 
The red fibres in the pectoralis of birds contain heavy granular inclusions 
arranged in longitudinal streaks in between ( Kolliker’s ) muscle columns 
( fig. 2), thus rendering the latter very conspicuous (figs. 1, 3 and 5) and 
the fibres in the pectoralis of the kite are no exception to this (figs. 1 and 
2). This contradicts the earlier observations by George and Jyoti ( 19552 ) 
and George and Naik (1957a) that the fibres in the pectoralis of kite are 
devoid of heavy granular inclusions. This was due to the fact that their 
observations on the granular inclusions were confined to the teased out 
muscle fibres, stained with Aceto-Carbol Sudan III, The latter does not 
yeveal all the fat and moreover, largé amounts of interstitial connective 
tissue and fat in the pectoralis of kite, renders the observation - of sarco- 
plasmic inclusions in teased out preparations practically impossible, The 
muscle columns are less conspicuous in the light fibres of the mixed type 
of pectoralis. Due to decrease in the granular deposition, the treatment 
with Sudan Black B leaves the fibres of the fowl (fig. 4) and partridge 
and the white fibres of the dove (fig. 5 ), practically unstained. | 


Observations on the sections stained with Sudan Black B and the 
preparations made by Altmann’s method show that the red fibres of the 
pectoralis of birds contain large number of mitochondria, while they are 
comparatively less in the light fibres. In the fibres of the fowl and 
partridge pectoralis and the white fibres in the pectoralis of dove, mito- 
chondria are hardly detectable under the microscope. Paul and Sperling 
(1952 ) in the cyclophorase preparation of the fowl breast muscle observed 
few or no mitochondria. The electron microscope photographs of this 


muscle by Bennett and porter (1953) however, show some ‘ sarcosomes” 
“quite clearly, 


| 


a 


PLATE I 


T. s, of the kite pectoralis (superficial layer, Red fibres). Sudan Black B. 
X1700. 


2 L. s. of the kite pectoralis (superficial layer, Red fibres). Sudan Black B. 
XI700, 


3 T. s. of the parakeet pectoralis (superficial layer, Red and Light fibres) 
Sudan Black B, x450. 


4 T.s. of the fowl pectoralis (White fibres ), Sudan Black B. xr7oo, 


8 T.s. of the parakeet pectoralis. 


PLATE II 


5 T.s. of the dove pectoralis (Red and White fibres). (B.—Broad white fibre ; 
N.—Narrow red fibre) Sudan Black B. x1700. 


T. s. of the dove pectoralis. (B.—Broad White fibres; N.—Narrow red fibre) 
PAS.—Hemalum. x450. 


T. s. of the kingfisher pectoralis. (Red and Light fibres ) PAS—Hemalum. 
X450. 


PAS—Hemalum. x450. 
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Cytochemical study of glycogen shows that in the superficial part 
of the pectoralis of the kite, glycogen is uniformly distributed in all the 
fibres. Similarly, in the pectoralis of parakeet where a few light fibres 
(which are present in the superficial layer) differ from the dark fibres 
only slightly, glycogen is uniformly distributed in all the fibres (fig. 8). 
In the pectoralis of kingfisher the light and dark fibres are better different- 
iated and the fibres contain varying amounts of glycogen (fig. 7), but 
the relation between the size of the fibres and glycogen content is 
uncertain. 


In the dove peoteralia, glycogen is concentrated in large amounts in 
the broad fibres whereas in the narrow fibres, it is comparatively much 
less ( fig. 6). 
Discussion 
In the pectoralis with light and red fibres, the main differences 
between them are the higher mitochondrial density and the smaller fibre 
diameter in the red fibres. Paul and sperling (1952) have shown that 
the mitochondrial density bears a direct relation to the ‘ cyclophorase 
activity.’ in striated muscles. The reduction in the amount. of succinic 
_ dehydrogenase with increase in fibre diameter bas been noted in the mixed 
muscles of the rat (Nachmias and Padykula, 1958), the bat ( George, 

Susheela and Scaria, 1958) and certain muscles of reptiles (Shah, un- 
published), It appears that as differences in diameter between the red 
and light fibres increase, the associated differences in their structural and 
' physiological make-up too, increase. The broad white fibres of the pec- 
_toralis of the dove contain negligible amount of mitochondria, whereas 
5 the narrow fibres are loaded with them. Similar observations have been 
_ made on the pectoralis of pigeon ( George and Naik, 1958b). It has also 
_ been shown that in the narrow red fibres of the pigeon and dove the 
"dehydrogenases activity is very high compared to the broad white fibres, 
vin which it is almost negligible, (George and Scaria, 1938b and c). 

With i increase in the diameter of the fibres, the rate of diffusion of 
‘gases between blood capillaries and the middle part of the fibre should 
"decrease. This could have been compensated for, were the blood capil- 

_laries surrounding the broad fibres be more in number than those surround 
the narrow fibres, But even in the pectoralis of the pigeon, the number 
ot blood. capillaries surrounding the broad fibres is about the same as those 
. the narrow fibres ( George and Naik, unpublished ). 


The works of Green ( 1951) and George and Jyoti (1955 a and b) 


i 
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have suggested the possibility that in the pectoralis of birds, fat might be 
oxidized directly during long and sustained activity and that the fat in 
muscle is not to be looked upon only as a reserve store which can be 
utilized for the production of energy when the occasion arises. George 
and Scaria (1958a) histo-chemically demonstrated higher lipase activity 
in the narrow fibres than in the broad fibres of the pectoralis of the pigeon. 
It appears that the processes leading to the synthesis and oxidation of 
fat are better developed in the narrow fibres than in the broad ones. On 
the other hand it has been shown by George and Naik ( 1958a, 1959) that 
there is a higher concentration of glycogen in the broad white fibres than 
in the narrow red fibres of the pectoralis of the pigeon. Same is the 
condition in the pectoralis of the dove. In other birds with mixed fibres 
in the pectoralis, no definite relation between the size of the fibres and 
glycogen content could be found. Nachmias and Padycula (1958 ) report- 
ed that in the biceps of albino rats the glycogen tends to be more 
abundant in the large fibres but they could not find a positive consistent 
correlation between the size of the fibres and the glycogen content. In 
most of the mixed muscles other than those of the pigeon and dove there 
is a great deal of overlapping in colour and fibre diameter between the red 
and light fibres and thus apart from the labile nature of the muscle 
glycogen, the difficulty in identifying the red and light fibres in séctions 
treated with various reagents during the process of staining, makes the 
correlation between the distribution of glycogen = fibre diameter, diffi- 
cult to establish. 


This work brings forward once again ‘the general relationship Hak 
exists between structure and function in animal tissues. In the fowl and 
the partridge the pectoralis which is little used, contains fibres poor in 
mitochondria. On the other hand, in all the active birds the pectoralis is 
primarily made up of red fibres rich in mitochondria. 


The division of the pectoralis in the kite and vulture presents an 
interesting problem. Since the superficial layer appears physiologically 
more active than the deeper layer, it is’ ‘quite possible. that these two 
layers of the pectoralis of kite and vulture differ in their mode of action, 
The complete or incomplete separation of the pectoralis into superficial 
and deeper layers has been noted in several birds ( Fisher, 1946; Fisher 
and Goodman, 1955 ; Jollie, 1957). It is not ‘known whether; histologic 
ally these layers ( desctibed by the latter workers ) resemble those of the 
pectoralis of the kite. However, Fisher (1946) from his work on the 
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locomotor apparatus of the vulture suggested the possibility of the deeper 
layer being a factor in ‘the forward motion of the wing, to raise the 
anterior end of the wing and increase the angle of incidence when the bird 


is gaining altitude, 


Summary 


Stit ctural Beet aces based on fat, glycogen ‘and “mitoeondr! al con- 


tent in the muscle fibres of the fecloralis major of some birds have been 
reported and an attempt has been made to correlate these differences with 


fibre diar..eter.: 
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ON THE PRESENCE OF SPECIALIZED CONDUCTING ( CON- 
NECTING ) TISSUE IN THE HEART OF THE INDIAN WALL 
LIZARD, HEMIDACTYLUS FLAVIVIRIDIS 


SATISH ‘CHARAN Mowar - 


Department o 7s Vigyan Mandir, Government Hamidia College, 
Bhopal 


According to Prakash ( 1953a, 1934a, b, 1957a, b,c) the specialized 
ene and conducting tissue of the heart of lower vertebrates 
is a fore-runner of that of birds and mammals. Robb (1953) and Mori 
(1955 ) could not find any specialised conducting structures in the heart 
of turtles and crocodiles’ comparable to those of birds and mammals; but, 
however, expressed-the view that the beginning of the avian and mam- 
malian cardiac conducting system could be seen in reptiles. All these 
observations challange the neomorphic nature (Davies and Francis, 1946 ) 
of cardiac conducting tissue of birds and mammals and throw a new light 
on_the: phylogeny of impulse i adi and conducting structures of birds 
and mammals, - 


sIn ‘the present . Lancatigniton ihe cheart of the lizard, Hemidactylus 
fanivitidisy has. been ‘exarained with special reference to its conducting 
ayatem if wiieha fal 

AYA ud. oh “Material. ‘aatt Method * 

Half a dozen‘wall’Mzards ‘were collected and chloroformed. The 
hearts after being removed:from chloroformed lizards were fixed in Bouin’s 
picroformol.. Serial sections;sagittal and coronal, 7 micra thick were 
cut. They were mounted and stained with acid fuchsin. 


Observations 


The heart consists of four chambers viz., a sinus venosus, two atria 
and a ventricle. The sinus venosus is a thin-walled, irregularly-disposed 
chamber lying dorsally to the right atrium. It communicates with the 
right atrium through a sinuatrial opening and this opening is guarded by 
two sinuatrial valves. 


Sinuatrial Node: An oval body, referred to as the sinuatrial node 
is present at the sinuatrial junction. It is a conspicuous structure, sur- 
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IAS. 
: Fig. 1 
Transverse section of the heart of Hemidaclylus showing the sinnatrial node. 


Fig, 2 
Longitudinal section of the heart of Hemidactylus showing the atrioventricular bundle. 


LIST OF ABBREVIATIONS 
A.V. Bu seseeeeess vee Atrioventricular bundle. 
C.S, A. V,...........Caudal sinuatrial valve. 
LOAT Vii .cdanin Left atrium 
L. Bosse eseseeseeees Left branch of atrioventricular bundle 
Re A Tn ast cee gent atriam 
R. Byes eee sees Right branch of atrioventricular bundle 
I, A. S........++-0ss++-.Inter-atrial septum 
Si feaeecctast oes sOINUS VeNOSUS 
S.A.N.......+....-Sinuatrial node 
Vivmessiveinvetnenre a Cutricle, 
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rounded by the wall of sinus venosus dorsally and by the right atrial wall 
ventrally. This structure possesses large cells with prominent nuclei and 
inter-woven fibres and can be well distinguished from the tissue that 
covers it all-round. It is histologically quite different from other tissues 
as it takes a deep stain with acid fuchsin. Because of the specialized 
histological nature of the fibres and the cells, of this tissue it has been 
referred to as sinuatrial node. 


A study of serial sections of the heart, shows that the sinuatrial 
node is present just in continuity with and dorsal to, the caudal sinu- 
atrial valve. In those sagittal sections where the sinuatrial node has been 
seen the caudal valve does not appear completely, but a study of serial 
sections show that the sinuatrial valve is attached with to the sinuatrial 
node on one hand and to the interatrial septum on the other. 


Therefore, it is clear that the cardiac stimulus of contraction which 
would be initiated at the sinuatrial node would go through the sinuatrial 


valve to the interatrial septum. From the interatrial septum it would be 
conveyed to both the atria. 


Atrioventricular Bundle: Unrecorded so far and a very important 
feature of the heart of the wall lizard is the presence of the atrioventri- 
cular bundle ( Text fig. 2) at the atrioventricular junction. This bundle 
is extensive, almost triangular in shape, with its apex attached to the 
caudal end of the interatrial septum and the base pointing towards the 
ventricular cavity. This structure is composed of a large number of 
prominent cells with large nuclei and here and there in between these 
cells are present interlaced fibres. These cells of the bundle are not as 
large as those of sinuatrial node, but are quite conspicuous and possess 
large perinuclear space. The bundle takes a deep and bright stain with 
acid fuchsin and is seen well marked from the surrounding tissue, thus — 
indicating its histologically specialized nature like that of atrioventricular 
bundle ( His, 1892 ) of birds and mammals. The base of the triangular 
bundle extends further laterally, attaching to the wall of the ventricle. 
These lateral extensions of the atrioventricular bundle may be called the 
right and left branches of the bundle. 


The stimulus of contraction which would reach the interatrial 
septum from the sinuatrial node would be conducted to the atrioventri- 
cular bundle and from there it would pass to the ventricle through right 
and left branches of the bundle, 
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Thus there exists a definite path way for the conduction of stimulus 
of contraction from sinuatrial node to atrioventricular bundle through the 
interatrial septum. 
F - Discussion 

The non-existing histologically specialized impulse initiating and 
‘conducting structures of Davies and Francis (1946) have been ob- 
served in the heart of lizard, Hemidactylus flaviviridis. Davies and 
Francis denied the presence of specialized structures in the heart of lower 
vertebrates (salamander, crocodile and alligator). They arrived at the 
conclusion that the nodal and Purkinjie fibres of the heart of birds and 
mammals are neomorphic in nature. However, against Davies and Francis 
the present study confirms Prakash’s description of distinct and well-defin- 
ed specialized conducting structures in the heart of certain lower verte- 
brates. Now it seems certain as far as the histology of vertebrate heart is 
concerned that the nodal and Purkinjie fibres ( Purkinjie, 1845 ) constitut- 


_ ing the impulse initiating and conducting tissue of the heart of birds and 


mammals are neither neomorphic ( Davies and Francis, 1946) in, nature 
hor remnants ( Kieth and Flack, 1go7 ) of those of more extensive tissues 
of similar nature present in the heart of lower vertebrates; but have 
evolved and are further specializations { Prakash, 1957) of the tissue 


already existing for the purpose in the heart of lower vertebrates. 


‘oritraction. 


Summary - : 


aC des Spacielized impulse initiating and conducting tissue has been 


: observed in the heart of Hemidactylus flaviviridis, 


(2) A sinuatrial node has-been observed at the sinuatrial junction. 


fo (3) An atrioventricular bundle is present at the atrioventricular 
_junction.. 


(4) The histologically specialized structure of the node and the 


 ‘-buridle which resemble those of birds and mammals have been} held to be 


tesponsible for initiation’ and conduction of the cardiac stimulus of 
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FURTHER HISTOCHEMICAL OBSERVATIONS ON THE 
ADIPOSE TISSUE OF THE PIGEON 


J.C. GEORGE AND J. EAPEN 


Laboratories of Animal Physiology and Histochemistry, Department of 
Zoology, M. S. University of Baroda, Baroda 


heb earlier studies on the adipose tissue of the pigeon has revealed the 
presence of a number of enzymes and a profuse supply of blood in 
this tissue. Lipase and alkaline phosphatase were shown to be occurring 
in appreciable concentrations (George and Eapen, 1958). Lipase plays 
an important role in lipid metabolism. The presence of alkaline phos- 
phatase in the adipose tissue appears to be connected with lipid meta- 
bolism. This is significant due to the fact that the pigeon is known to 
utilize chiefly fat for sustained muscular activity ( George and Jyoti, 1957 ). 
The aforesaid enzymes are reported to b2 present only in the fat-loaded 
narrow fibres of the pigeon breast muscle and not in the glycogen-loaded 
broad ones (George and Scaria, 1958; George et al, 1958). Here we 
report the results of certain histochemical studies on the adipose tissue of 
the pigeon ( Columba livia ). The adipose tissue was tested for the fol- 
lowing: adenosine triphosphatase (ATPase), acid phosphatase, glycogen, 
fat, phospholipids, cholesterol, sulphydryl groups and water-insoluble 
aldehydes and ketones. ’ 
Material and Methods 


The material used in the present study was the visceral adipose 
tissue occurring in association with the small intestine in the pigeon 
(C.livia ). The birds were killed by decapitation and the tissue taken 
after most of the blood was drained off. 


The presence of ATPase was tested by employing the method of 
Pearse and Reis ( Pearse, 1954) using adenosine triphosphate (ATP) as 
substrate. Fresh frozen sections were mounted on clean, dry slides 
without any adhesive and left at room temperature for about 15 
minutes to ensure adherence. The sections were then defatted in ethyl 
ether at room ternperature for 10 minutes and transferred to 10% neutral 
formalin for fixation at 4°C. One hour fixation was followed by washing 
in cold running water for 1 hour and incubation in the substrate medium 
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for 4 hours'at 37°C. The incubation n.cdium used was the same as de- 
scribed by Pearsé (1954). After incubation the’ sections were rinsed in 
2% calcium nitrate, thoroughly washed’ with distilled water and treated 
with:-2% ‘cobalt nitrate solution for 5 minutes. They were again washed 
well’ with distilled water and treated with dilute yellow ammonium 
sulphide solution. The following four controls were tried: Alkaline 
phosphatase at pH 7.5 and 9.2, ATP blank and sections which were ali 
in boiling water for 10 minutes prior to incubation. 


Acid phosphatase was tested according to the method of Gomori 
(Glick, 1949) using sodium: glycerophosphate as substrate.. Defatted 
sections were fixed in 10% formalin in cold ( 4°C.) for 1 ‘hour, washed. for 
I hour in running water and finally incubated for 6 hours at 37°C. The 
incubation medium :was the same as described by Glick (1949). The 

_ stock: solution of Glick was diluted: with twice the amount of distilled 
water, filtered.and used for incubation. The procedure was the same as 
described by Glick (.1949.).» Two controls were: tried: .Sections kept in 

_ boiling water for 10 minutes before incubation and sections incubated in 

_ an incubation medium, devoid of glycerophosphate. 

- “Paraffin sections of adipose ‘tissue treated with Lison and Voaker 
fixative were stained for glycogen by the Best’s carmine method { Pearse, 
1954). Sections stained after renioval oi gycogen with oe —— 

as control. et eee ES ; 


“For “staining of fat, the tissue was first fixed’ in’ Calcium-formial and 
: then (5p. gelatin: sections were taken and stained with saturated Sudan black 
Bin 7o% ethanol.  Cain’s method ( Pearsé, 1954 )-for the demonstration 
_ of neutral and acidic lipids were also employed. ; i 
S Baker’s.acid haematin method was employed for the detection of 
_ phospholipids (Pearse, 1954). : Pyridine extracted sections served as 
contro] ( Pearse, 1954 ). . 


* 


Cholesterol detection was according to the Schultz viethed ( Pearse, 
4954). Bourne nitroprusside method for sulphydryl groups and Albert 
and Leblond method for water-insoluble aldehydes and ketones (Glick, 
1949 ) ‘were successfully conducted. 


oe 


ia Results and Discussion 


~ From the ence of staining, it was found that ATPase and acid 
& phosphatase occur in the cell periphery as well as in the nuclei in con- 
_ siderable concentrations. Zimny and Gregory (1958) investigating the 
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composition of the brown adipose tissue of the 13-striped ground squirrel 
has reported the concentration of the following phosphate compounds in a 
decreasing gradation : inorganic phosphate, creatine phosphate and adeno- 
sine triphosphate, There are no data available as far as we can gather, 
on the presence or concentration of these different phosphate compounds 
in the adipose tissue of the pigeon or any other bird. The role of ATPase 
present in a fair concentration in the pigeon adipose tissue cannot, even 
be suggested at the present state of our knowledge. The same could. be 
said about acid phosphatase too, 


Glycogen was not found in the adipose tissue. Fawcett (1952), 
however, reported the presence of a considerable quantity of glycogen in 
the brown adipose tissue of rats and a negligible amount in the yellow 
type. . He (1952) has further stated that rats which were fasted for 24 
hours and then fed, showed an increase in the glycogen content in the 
adipose tissue when examined after 2 to 12 hours from the commencement 
of feeding. In a similar procedure we examined a number of pigeons 
which were made to fast for 24 hours and at the end of that period they were 
fed with a diet consisting of cereals. The birds were sacrificed at different 
time intervals of 2 hours, 4 hours and 8 hours from the time of termina- 
tion of the fasting and their adipose tissue was examined for glycogen. 
Negative results were-obtained in all the cases. Diurnal variations in the 
levels of glycogen in the adipose tissue were also noted by Fawcett | 1952). 
Rats which were killed and examined during night hours revealed a 
greater concentration of glycogen than others taken during day time ( Faw- 
cett, 1952). In our present study all the pigeons used were sacrificed 
during day time. . 


Sections stained with Sudan black B revealed that the cell periphery 
contains negligible amounts of fat, while towards the centre of the cell, is 
found a single, large fat droplet. This is in conformity with Fawcett’s 
(1952) observation on the fat in the yellow adipose tissue of tats. Sec- 
tions stained with Nile blue showed a predominant red colouration indicating 
the abundance of neutral fats. Acid lipids were absent, as there was no 
blue colouration anywhere. Phospholipids and cholesterol were found 
only in very low concentrations. From these results it appears that the 
lipids in the adipose tissue of the pigeon are chiefly in the form of neutral 
fats, ; 


..: . Sulphydryl groups.and water-insoluble aldehydes and ketones were 
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also not found in appreciable concentrations. It should be of interest to 
note here that the brown adipose tissue of the bat contains considerable 
quantities of sulphydryl groups, and the yellow variety a small amount 
( George and Eapen, 1959 ). 
‘ : Summary 
The presence of ATPase, acid phosphatase, glycogen, fat, phos- 
pholipids, cholesterol, sulphydryl groups and water-insoluble aldehydes 
and ketones in the adipose tissue of the pigeon was tested by histochem- 
ical methods. ATPase, acid phosphatase and neutral fats were found in 
appreciable quantities, while phospholipids, cholesterol, sulphydryl groups 
and water-insoluble aldehydes and ketones were found to be present only 
in low concentrations. Sections treated to show glycogen gave negative 
results, 
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STUDIES ON THE OXYGEN CONSUMPTION IN 
TROPICAL POIKILOTHERMS 3 
III. Oxygen consumption in the fresh water fish, ETROPLUS 
MACULATUS ( BLOCK ) in relation to size and fomperata 
V.. PARVATHESWARARAO 
Department of Zoology, Sri Venkateswara University, Tirupati I : 
ses recent years much attention has been paid to studies on respiration 
in poikilotherms (Scholander, Flagg, Walters and Irving, 1953; Rao 
and Bullock, 1954 ; Bullock, 1955; Zeuthen, 1953, 1955): ‘Most. of these 
studies were concerned with arctic and temperate forms. Moreover in a 
good ‘number of these studies marine animals were used to investigate. 
the effects of body size and temperature on respiration. Freshwater 
poikilotherms, particularly those of the tropics, have not received as much 
attention, This is all the more true of fishes, on which there are few 
studies on the effects of body size and temperature on respiration. In 
tropical poikilotherms acclimatization to temperature is a topic, which 
has been little studied. Before any investigations in that direction are 
taken up, it will be profitable to have a clear understanding of the effects — 
of temperature and body size on the oxygen consumption. of these 
poikilotherms. It is with this intention in view that the present investiga, 
tions have been taken up. 
Materials and Methgds | 
Etroplus maculatus were collected from the freshwater tanks at Kala: | 
hasti, a place about 25 miles north of Tirupati. The fish were kept in the 
laboratory in a large aquarium tank along with some other varieties of fish - 
like Barbus sp. The temperature of the aquarium varied between 29 and 
30°C during the period of these studies. Water was changed in the 
aquarium once a week and the fish were regularly fed once in two days. 
Studies were made on ‘two fish at a time, which were kept in-separate re- 
spiration chambers ofthe type reported by Saroja (1959). and their § 
oxygen consumption measured at different temperatures, namely, 15°C, 
30°C, and 35°C. Measured samples of water were obtained from the re-_ 
spiration chambers, both, before the start and after the experiment. The 
oxygen content of the samples was determined by the direct Winkler’s — 
iodometric method as given in Welsh and Smith (1953). The difference é 
ip the oxygen content of the initial and final samples in each experiment 
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will give the amount of oxygen consumed by the fish during the experi- 


_ mental period (30 minutes). Similar measurements were taken for a 
number of fish of different body weights. For measuring the oxygen 


_ consumption at 15°C the experiments were set up inside a refrigerator and 


at 35°C, inside a thermostatically controlled hot bath. Immediately after 
each experiment, the fish studied was killed and its wet weight taken after 


carefully blotting out the water on its body. The respiration chambers 
' were kept airtight and free from air bubbles during the experimental 
period. Also care was taken to keep the experimental temperature con- 
- stant (+1°C). The outside of the respiration chambers was painted black 
to keep their interior dark;.so as to keep the activity of the fish minimised. 


- Individual fish were isolated and kept without any food for about 24 hours 
' before they were experimented upon. The fish did not produce any slime. 


Results 
The data obtained are summarised in Table 1 and the same plotted 


_in several graphs. 


7 


3 
i 
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TABLE I 
Data of total oxygen consumption in Etroplus maculatus of 
different body weights at different temperatures 


Serial | Weight of ©, mal. /hr. | 
number! fish Gms. | 15°C 30°C 35°C 
ee 9.4 0.306 » 0.857 0.980 
2 7.4 0.352 0.612. 0.765 
3 535 0.184 0.530 0.704 
4 53 0.199 0.475 0.689 
5 5.3 0.184 0.704 0.780 
6 4.2 0.155 0.397 0.532 
7 3.4 0.087. 0.329 0 484 
8 2.6 0.097. 0,310 . pe O20 
9 2.5 0.145 0.387 0.455 
E16" © 2.4 — 0.206 —_ 
BOAT 211525522253 9 ; 0,09257' 2 0.505 0.398 - 
AY aaa or 0.348 <I 
iS & RAE 0.039 0.329 eaOutOO 
A ely 0,058 — “0,126 0.203 
oo S7O Gt Sear TO GPs — 9's! O.1§3" 0? a 
1,021 298 0.058 : cfr HOE OL _ 
BOLOn aia oc, 0,002. us 0 107 nua Os220) 
Oe — 16S. — 
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Fig. 1 (a) 
Oxygen consumption as a function of body size : 

A study of the data presented in Table 1 reveals that the oxygen 
consumption of Etroplus maculatus increases with the increasing body — 
weight at all temperatures studied. At any given temperature the oxygen — 
consumption per unit time is lesser_in the smaller fish than in the larger — 
ones. The degree to which there is such an increase in the total oxygen — 
consumption with increasing body weight is not the same at all temperas — 
ttites sttidied, as can be seen from the regression coefficients of the size- 
tnetabolistn curves presented in Fig. t. The weight specific QO, of fish of © 
representative weights were calculated from the curves of Fig. 1 and the é 


O2 CONSUMPTION OF ETROPLUS 30 


6 @h e%0 eo @ 0 90099 
0 90000- oy om + 6 OF ODA 
Wr. Guns. 

Fig. 1 (b) 


“Sarne presented in Table 2. These values indicate that the unit oxygeti 
consumption (O, ml./gm./hr.) decreases with the increasing body weight 
of the fish, such a decrease being comparatively more conspicuous at 30 and 

35°C than at 15°C, thus reflecting what has been noted with aie to the 

total oxygen consumption (QO, ml./hr.). 
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LEGENDS TO'FIGURES =? ‘ree Camm) | inuaeen 
Fig. 1—Total Oxygen consumption in | Biropius “macutatus as a tunction of body’ size at 


different temperatures, plotted on double logarithmic ies The points in the Sei 
represent individual measurements. 
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TABLE 2 


Oxygen consumption per gram of body weight per hour in Etroplus 
maculatus of different weights at different temperatures. The 
values are calculated from the size-metaboiism 
curves of Fig. 1, 


Weight of O, ml/gm./hr. 


fich se 15°C | 30°C | 35°C 

EME 0.043 0.162 0.209 

\ at 0.041 0.127 0.152 
5 0.039 0.112 0.129 bs 
y 0.038 0.103 0.116 
9 0.038 0.098 0.109 


Oxygen consumption as a function of temperature : 


The data given in Table 2 are plotted as Rate-Temperature curves 
in Fig.2. A study of these curves for fish of different weights suggests 
that while all the fish studied respond to changes in temperature by 
increasing or decreasing their oxygen consumption, such a temperature 
response is highly size dependent. The smaller fish are much more 
responsive to temperature changes than the larger ones. The same trend 
can also be made out from the varying 6 values of the size-metabolism 
curves presented in Fig. 1. The 6 values decrease with increasing tempera- 
ture. Thus at 15°C the 6b value of the curve is 0.92, at 30°C it is 0.77 
and at 35°C it is 0.71, indicating that the increase in the oxygen consump- 
tion-in larger fish with increasing-temperature is lesser than in the smaller 
i fish, which, hence, are to be regarded as being more sensitive to tempera- 
ture changes than the larger ones. The same can be made out from the 
- data of Table 2 and the R-T curves presented in Fig. 2 as also from the 
Qo values discussed below. Thus ina t gm. fish the weight specific QO, 
rises from 0.162 to 0.209, when the témperature is raised from 30 to 35°C 
and drops from 0.162 to 0.043 when the temperature is lowered from 
30 to 15°C. The corresponding rise or fall in the values for a 9 gm. fish 
is much lesser, 
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Fig. 2—Rate (O, ml/gm./hr )—Temperature curves of Etvoplus maculatus of 1, 3, 5, 7, and 
9 gm. body weights, The points are calculated from the curves of fig, 1. 

Fig. 3—Q,, of oxygen consumption in Etroplus maculatus as a function of body weight at 
different temperature ranges. The Qj. values are calculated from the R-T curves 
presented in fig. 2. 
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TABLE 3 


Q,) of oxygen consumption in Etroplus maculatus in relation to 
body size and temperature. The Q,, values are calculated 
from the data presented in Table 2 


Weight of 


fish Gms. BSi307C: 30-35°C. 
7 2.51 1.66 
3 2.07 1.44 
5 1.91 1.32 
7 1,81 1.27 
9 1,72 1.24 


Qi. as a function of body size and temperature : 


The Q,, of oxygen consumption for the fish of various weights at 
various temperature ranges studied, was calculated from the data of 
Table 2 and the same presented in Table 3 and plotted in Fig. 3. In 


_Etroplus maculatus the Q,, systematically decreases with increasing body 
weight at all temperature ranges studied, this trend being much more 
7 conspicuous at the lower temperature range like 15-30°C than at the 
_ higher like 30-35°C. At both these temperature ranges the decrease in 


the Q;) values with increasing body size is much more marked in fish of 


- smaller weight than in those of larger weight. Thus between 1 and 3 gm. 


fish the Q,, drops from 2.51 to 2.07 between 15 and 30°C and from 


1.66 to 1.44 between 30 and 35°C, while the corresponding values 


between 7 and 9 em, fish are from 1.81 to 1.72 and from 1.27 to 1.24 
respectively. Even in these smaller fish the decrease in the Q,, with 


_ increasing body size is more steep at the lower of the two temperature 
ranges studied. It may also be noted from Table 3 and Fig. 3 that the 
_ Q,, of oxygen consumption decreases with increasing temperature in all 
fish regardless of weight and such a decrease is again, more marked in 
_ smaller fish than in larger ones. Thus between 15 and 30°C and 30 and 
~ 35°C the decrease in the Q,, in a 1 gm. fish is from 2.51 to 1.66, while in a 


ee 


9 gm. fish the corresponding decrease is only from 1.72 to 1.24. Thus the 


MO 
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smaller fish have higher Q,, values at all temperature ranges studied—lower 
as well as higher—suggesting that they are much more sensitive to tempera- 
ture changes than the larger ones. 


“Discussion 


The metabolism of Etroplus maculatus shows an upward trend with 
the increase of its body size. The straight lines of the size-metabolism 
curves indicate that throughout the weight range of the fish studied the 
oxygen consumption increases with the same power of the body weight at 
any given temperature. (Fig. 1). Conversely the unit oxygen consumption 
decreases with increasing body weight, this being most marked at 35°C 
and becoming less and less so at lower temperatures. (Table 2). At 35°C 
between 1 and 9 gm. fish the unit oxygen consumption decreases from 
0.209 to 0.109, while the corresponding decrease at 30°C and 15°C is only 
from 0.162 to 0.098 and from 0.043 to 0.038 respectively. The unit oxy- 
gen consumption values of various fish at 30°C considered in relation to 
those at the higher and lower temperature extremes would readily indicate 
that amongst the fish studied the smaller ones are more temperature sensi- 
tive than the larger ones. The habitat temperature and the temperature 
gradient have considerable influence on the temperature tolerance capacities 
of these fish, as can be seen from the extent of displacement of the size- 
metabolism curves between 30 and 35°C and between 30 and 15°C, as also 
the varying slopes of these curves at these temperatures. Thus the widest 
displacement of the curves is between 30 and 145°C and the curve at 15°C 
has the maximum slope. 15°C is a temperature, which normally the 
tropical fresh water fish are not subjected to and hence at this unusually 
low temperature the metabolic rate of the smaller fish is lowered much 
beyond the level that normally accompanies the lowering of temperature. 
As such the smaller fish appear to be less tolerant of 15°C, where they show 
indications of cold depression. On the other hand 35°C is not completely 
new to these fish as during summer months their habitat temperature may 
rise nearly to that level. But in another freshwater fish, Barbus sophore, 
the smaller fish were found to be sensitive as well as tolerant of these 
temperature extremes (15 and 35°C) unlike the larger ones, which show 


marked heat depression at 35°C and indications of cold depression at 15°C. 
( Parvatheswararao, 1959 ). 


The regression coefficients of the size-metabolism curves are shown 
_to be temperature dependent, decreasing with increasing temperature, 
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Obviously this is correlated with the greater responsiveness on the part of 
the smaller fish to the increase or decrease of temperature on either side of 
the norm. When the temperature is lowered to 15°C the size-metabolism 
curve towards the lower weight ranges of the fish is pulled down due to a 
greater metabolic decrease in smaller fish than in the larger ones resulting 
in a steep curve and when temperature is raised to 35°C the corresponding 
part of the curve is raised up due to a greater increase in metabolism in 

the smaller fish than in the larger ones resulting in a less steep curve. 
Accordingly, the smaller fish have higher Qro values at these two tempera- 
ture ranges, higher as well as lower. ( Table 3). Likewise job’s data on 
Milk fish, Chanos chanos (1957) showed higher regression coefficients for 
the size-metabolism curves at 25°C than for those at 29°C, as smaller fish 
were found to be more responsive to the lowering of temperature. In the 
common Indian earth worm, Megascolex sp, Saroja ( 1959 ) has shown that 
the 0 values of the size-metabolism curves decreased with increased temp- 
erature. On the other hand in Barbus sophore it was found that the 0 
values decreased with temperature on either side of the habitat temperature 
(15-35°C). (Parvatheswararao, 1959). In several instances amongst 
fishes, it was shown that the proportionality of oxygen consumption was 
intermediate between surface area dependence and weight dependence 
(Fry, 1957). A similar trend is to be noted in the present case also, 
where, at the habitat temperature the 0 value of the size-metabolism curve 
is 0.77, indicating such an intermediate condition, 


It can be noted from Table 2 and also Figure 2 that the decrease 
in the unit oxygen consumption with increasing body size in Etroplus 
maculatus is greater in smaller fish than in the larger ones at any 
given temperature. Identical trends in the unit oxygen uptake were shown 
by Eliassen ( 1952) in Artemia salina, where the rate of decrease in the 
unit oxygen uptake was found to be greater in the case of nauplli than in 
the middlesized animals. 
That the smaller fish of Etroplus maculatus are much more sensitive 
to temperature changes than the larger ones is indicated by their higher 
Q,o values at all temperature ranges studied (Table 3). At 15°C the 
smaller fish have a high Qi) value and this is probably suggestive of the 
smaller fish being cold depressed at this unusually low temperature for a 
| tropical fresh water fish. But at 35°C, the smaller fish, though having a 
higher Qio value, did not show any indication of heat depression. Unlike 
; this in the fresh water fish, Barbus sophore the larger fish were found to 
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be markedly heat depressed at 35°G ( Parvatheswararao, 1959). In 
several tropical fish studied by Scholander e¢ al (1953) heat depression 
at 35°C was noted only in a couple of cases, Abudefduf saxatilus and 
Haemulon bonariense. The Qyo values calculated from Job’s data on the 
milk fish, Chanos chanos (1957) show that, as in the present case, the 
smaller fish are more temperature sensitive than the larger ones, which 
have lower Q,, values. 


At all temperatures studied the Q,, of oxygen consumption in 
Etroplus maculatus is clearly size dependent, decreasing with increasing 
body weight. This size dependence, further, is more marked at lower 
temperature range than at the higher and this is possibly correlated with 
the probable setting in of cold depression in smaller fish at 15°C. Thus 
at 15 and 30°C range the Q,, drops, between 1 and 9 gm. fish, from 2.31 to 
1.72, while at 30 and 35°C range the corresponding drop is only from 
1.66 to 1.24. In the case of Barbus sophore the Q,, values were found to 
be more size dependent at higher temperature ranges than at the lower. 
( Parvatheswararao, 1959). It may further be made out from Table 3 
that the decrease in the Q,) with increasing body size is not uniform 
throughout the weight range of the fish studied, but much more steep 
and conspicuous at the lower weight ranges than at the higher. (Fig. 3) 

In Entroplus maculatus Q,, decreases with increasing temperature 
(Table 3). But such a decrease is much more marked in smaller fish 
than in the larger ones, thus suggesting that the smaller fish are much 
more sensitive to temperature changes than thé larger ones. The smaller 
fish appear to be intolerant of the 15°C, which is normally unusual in the 
tropics, and hence show indications of cold depression, as indicated by the 
high Q,, value of the I gm. fish at 15-30°C, as against that at 30-35°C. 
A similar trend, as in the present one, has been noted in the case of the 
limpet, Acmaea limatula, where the Qi, of heart rate decreases with 
increasing temperature (Segal, 1956). Reviewing the literature on 
Qo, Rao and Bullock (1954) have shown that in a good number of cases 
amongst poikilotherms the Qj) increases with increasing body weight 
within the physiologically normal temperature ranges and they have also 
pointed out cases, where the Q,, decreases with increasing body weight, 
the latter trend being uncommon. There is not much information avail- 
able on fishes in this direction except, possibly, for the works of Job 
(1955) on Salvelinus fontinalis as reported by Fry (1957), and Wells 
(1935) on Fundulus parvipennis. Job’s data on the active metabolism 
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in Salvelinus fontinalis show that the slope of the size-metabolism curves 
becomes less with increasing temperature so that larger fish have lower 
Q,» values than the smaller ones, as in the present case. Wells’ data on 
the whole indicate a decrease in the Q,) with increasing body size. But 
the Oyo values calculated from his data show (at I0-22°C ) a decrease with 
increasing weight in two experiments and slight increase with increasing 
weight in a third experiment, using the same fish in all the three experi- 
ments. The temperature range as well as the weight range of the fish 
studied by Wells are too limited to allow for any generalisations in this 
regard. In the present studies on Etvroplus maculatus a much wider 
temperature range as well as weight range of the fish have been made 
use of and the results show that in the present case Q,) decreases with 
increasing body size of the fish at all temperatures and in all fish the 
Q,, decreases with increasing temperature. In view of the paucity of 
information about the Q,, of oxygen consumption in fishes, studies on a 
greater variety of fish would be of extreme value. 
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Summary 


I. Oxygen consumption in E. maculatus increases with increasing body 
weight within the range studied (0.5 to 9.4 gms.). The rate of this 
increase varies with temperature within the range studied (15 to 
35°C). The regression coefficient of the size-metabolism curves 
decreases with increasing temperature. 


2. The unit oxygen consumption increases with decreasing body weight 


and the rate of this increase varies with temperature. The smaller 
fish are more sensitive to temperature changes than the larger ones, 
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The smaller fish appear to be less tolerant of lower temperatures like 
15°C, where they show indications of cold depression. 


3. Increased temperature results in increased oxygen uptake. The Q,, 
decreases with increasing temperature, such a decrease being more 
marked in smaller fish than in the larger ones. The smaller fish 
have higher Q,, values at all temperatures. 

4. At all temperature ranges studied the Q,) decreases with increasing 
body size, such a decrease being more marked at lower temperatures 
than at the higher. 
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A COMPARATIVE STUDY OF THE OXYGEN-CARRYING CAPACITY 
OF THE BLOOD IN WATER- AND AIR-BREATHING TELEOSTS 


M. S. DUBALE 
M. G. Science Institute, Ahmedabad 


fhe oxygen-carrying capacity of the blood of a number of teleosts has 
been determined by several researchers including Hall and Gray (1929), 
~Root (1931), Redfield ( 1933 ), Willmer (1934) and Black (1940). The 
results obtained were based on the amount of iron present in the blood, or 
‘were arrived at by direct measurement of the oxygen in the blood by using 
Van-Slyke’s manometric apparatus. The figures of Hall and Gray for 
Bonito and Mackerel are the highest and they attributed them to the ac- 
tive habits of the fishes. Some of the fresh-water fishes met within 
swamps containing acidic water have a higher oxygen-carrying capacity of 
blood (Black, 1940). So far no investigations have been undertaken to 
determine the comparative oxygen-carrying capacity of the blood in water 
and air-breathing teleosteans. In this paper are reported the resuits 
obtained from a comparative study of the oxygen-carrying capacity of the 
blood in a number of water and air-breathing teleostean fishes. 

The oxygen-carrying capacity of the blood primarily depends on its 
haemoglobin content. Since the amount of iron present in the blood isa 
measure of the quality of the haemoglobin present in terms of its oxygen- 
carrying capacity, the comparison has been made by determining the 
amount of iron in milligrams in 100 cc. of blood. The method adopted for 
the determination of iron in the blood is that of Kennedy, using the Klett- 
Summerson photo-electric calorimeter in the final stages. Necessary pre- 
cautions were taken during the investigations. The fishes were allowed to 
settle to normal conditions before attempting to extract the blood. Only 
venous blood extracted from the ventricle with the aid of a syringe previ- 
ously washed with 5% neutral potassium oxalate solution was used for 


analysis. 
Results 


At least 6 readings were recorded for each fish. 


The amount of iron determined in mg. per 100 cc. of the blood in 
the fishes investigated is as follows :~ 
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a acm mm er 
The amount of iron estimated 


Name of the fish 


Minimum Maximum 
Water-breathing fishes 
1 Glyphidodon caelestinus (Cuv. & Val. ) 17.80 26.87 
2 Labeo rohita (Ham. ) 15.13 19.83 
3 Catla catla 24.46 27.52 
4 Cuirrhina mrigala ( Ham. ) 18.38 24.31 
5 Tetrodon patoca ( Ham. ) 20.17 23.38 
Air-breathing fishes 
6 Macrones gulio ( Ham. ) 31.42 35.38 
7 Heteropneustes fossilis ( Bloch ) 29.41 36.23 
8 Boleopthalmus dussumieri ( Cuv. & Val. ) 30.40 37.60 
Q Osphronemus gourami ( Lacep ) 32.17 36.96 
10 Ophocephalus striatus ( Bloch ) 32.87 40.00 


N.B,:—The specimens of fishes collected for this piece of investiga- 
tion comprise both fresh-water and marine teleosts. The water-breathing 
Tetrodon and the air-breathing Macrones and Boleopthalmus were col- 
lected from Mahim creek. The water-breathing marine Glyphidodon was 
collected from the sea-coast of Chowpatty, Bombay. All the fresh-water 
water-breathing fishes as well as the air-breathing Osphronemus and 

some specimens of Ophiocephalus were collected from the Bandra tank. 
Other specimens of Ophiocephalus were collected from the river Sabarmati 
‘at Ahmedabad, while the specimens of Heteropneustes were collected from 
-a tank situated in the Aarey Milk Colony, Goregaon, Bombay. 
#4 Discussion 

_ The haemoglobin concentration of blood based on iron estimation has 
_been estimated by a number of workers including Hall and Gray (1929). 
The results obtained by Hall and Gray ( 1929) are as follows :— 


ee SSS 
| The amount of iron estimated 
in mg, in 100 cc. of the blood 


Name of the fish £ ae 


Minimum Maximum 

_  ~Water-breathing fishes 
' 1 Rudder fish 17.3 25.0 ° 
ere Pitter fishi2isil oi 17.1 27.8 

3 Toad fish 12.5 15,2 
4 Bonito 37.0 52.9 
+5 Mackerel 34-3 PpEe 
M7 


Mi 
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Root (1931), Redfield ( 1933), Willmer (1934) and Black (1940) 
have estimated the oxygen-carrying capacity of the blood by determining 
oxygen present per 100 cc. of the blood. Some of the results obtained by 
them in certain teleostean fishes are as follows :— 


Mean oxygen-carrying capacity 
Ngeue OL cc. oxygen/1o0o cc. blood 


Water-breathing fishes 


It Goose fish 5.10 
2 Puffer fish 6,80 — 
3 Toad fish 6.20 
4 Paku ( Myleus setiger ) 10.78 
5 Haimara ( Hoplias malabaricus) - 6.53 
6 Common sucker (Catostomus ) 10.60 
7 Carp (Cyprinus carpio ) 12.50 
8 Cat fish (Ameiurus nebulosus ) 13.30 
9 Mackerel 15.80 
Aiy-breathing fishes 
to Eel (Anguilla japonica) 12.90 
iz Eel ( Electrophorus electricus ) 19.70 
12 Hossa ( Hoplosternum littorale ) 18,14 


a eeehireenemeimemtaieenal 


The results obtained by Hall & Gray (1929), as seen from their in- 
vestigations based on the estimation of iron, show that the two migratory 
fishes Bonito and Mackerel have a higher oxygen-loading tension of blood 
than the non-migrating water-breathing fishes. Their investigations show 
that the amount of iron present in the blood of non-migratory fishes varied 
from a minimum of 12.5 mg. in toad fish toa maximum of 27.8 mg. in the 
puffer fish. The corresponding figures for the two migratory fishes vary from 
a minimum of 34.3 mg. in Mackerel to a maximum of-52.9 mg. in Bonite. 

The present investigations show that the haemoglobin concentration 
of the blood based on the estimation of iron is different for water-breath- 
ing and air-breathing fishes. For water-breathing teleosts, the amount 
of iron varies from a minimum of 15.13 mg. in Labeo rohita toa maximum 
of 27.52 mg. in Catla catla. The corresponding figures for air-breathing 


fishes vary from a minimum of 29.41 mg. in Heteropneustes to a maximum 
of 40.0 mg. in Ophiocephalus. 


The investigations of Hall & Gray (1929), Redfield (1933), Willmer — 
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(1934) and Black (1940) show that besides air-breathing fishes, the 
oxygen-loading tension is higher in certain other fishes also. These fishes 
include the well known migratory marine fishes Bonito and Mackerel, 
Myleus setiger, an active fish of the open river, a swampy acid-water 
inhabiting cat-fish, Ameiurus and sucker fish, Catostomus. A higher 
oxygen-carrying capacity of the blood of Bonito and Mackerel is perhaps 
an index of their physiological activity as stated by Hall and Gray (1929). 
The same seems to be the case with Myleus setiger. As regards Ameiurus, 
it seems to be a safeguard against the difficulties encountered by the fish 
during respiration, on account of the peculiar nature of its habitat known 
to contain acidic water as well as higher amount of carbon dioxide in its 
waters, Such conditions are known to affect the utilization of oxygen in 
a number of fishes (Fry, 1957). Can the higher amount in the blood of 
Catostomus which is a sucker fish be explained as correlated to its mode 
of life as an attached fish? It could be done if its respiratory movements 
are impeded on account of attachment. If that is not so, some other 
explanation has to be found for the higher oxygen-capacity of its blood. 


The blood of a non-migratory water-breathing fish, Cyprinus carpio 
( Redfield, 1933 and Black, 1940 ) is also known to have a higher oxygen 
tension. Not much is known about this fish except it is a sluggish form. 
The authors have not given any explanation for the high value of the 
oxygen tension of its blood. 


The air-breathing fishes studied during the present investigation 
include Ophiocephalus striatus and Heteropneustes fossilis which normally 
are not very active. The water-breathing fishes such as Cirrhina mrigala, 
Labeo rohita and Caila catla inhabiting similar waters are comparatively 
more active. So, a higher concentration of iron in the blood of the air- 
breathers cannot be explained on the basis of their activity, since they 
are inactive nor could it be explained on their adaptations to the peculiar 
conditions of their environments because normal water-breathers also 
inhabit the same environment. An explanation other than one based on 
activity or the nature of the environment, must therefore be found for 
the higher percentage of iron present in the blood of the air-breathers, 
The only reasonable explanation seems to be that this feature is in some 
way intimately related to the air-breathing habit. 


It means therefore that the mutations which induced the growth of 
aerial respiratory organs were correlated with those inducing an increase 
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in the oxygen-fixing capacity of the blood. Such combination of traits 
in air-breathing fishes can be regarded as an example of the principle of 
functional correlation so common in evolution. 

Summary and Conclusions 


I. Estimation of iron in mg. per 100 c.c. of the blood in 5 water- 
breathing and 5 air-breathing teleosts has been carried out to determine 
its oxygen-carrying capacity. 

2. The amount of iron has been found to vary from a minimum of 
15.13 mg. to a maximum of 27.52 mg. in water breathers. The correspond- 
ing figures for air-breathers are 29.41 mg. and 40.00 mg. respectively. 
These results show that the loading tension of oxygen in the blood of air- 
breathers is higher than that in water-breathers. 


3. It is suggested that the aquisition of the air-breathing habit is 
closely correlated with the oxygen-fixing capacity of the blood. 
Acknowledgements 
The author expresses his thanks to Prof. C. J. George, formerly of 
Wilson College, Bombay for suggesting the problem and also for the 
facilities afforded for conducting the investigations. Thanks are also due 
to Prof. J. C. George for his keen interest in the work. 


References 
1 Baldwin, E. 1949 Introduction to Comparative Bio- 
chemistry, Cambridge Univ. Press. 
2 Black, E-C. 1940 The transport of the oxygen by the 


blood of fresh-water fish. Biol. Bull., 
79 (1), 215-229, 

3 Dubale, M. S. 1957 Certain aspects of air-breathing 
in fishes with special reference to 
Indian teleosts. Thesis accepted by _ 
M. S. University Baroda, for Ph.D, 
degree, 

4 Day, F. 1868 The Fauna of British India— 
Fishes, Vol. I and II. Taylor and 
Francis, London. 

5 Erichson, J. 1949 The oxygen consumption of Gastero- 
stéeus aculeatus L, in toxic solutions. 
J. Exp, Biol., 23, 


10 


II 


12 


13 


14 


15 


16 


17 


OXYGEN-CARRYING CAPACITY 


‘Fry, F. E. J. and 


Black, BG? 


Fry, Ev PB, J. 


Gause, G. F. 


Hall, F.G. and Gray, I. E. 


Halls bieGs Gray, “lok: 
and Lepkovsky. 


Hawk, Oser and 
Summerson. 


Heilbrunn, L. V. 


Kennedy, R. P. 


Mitchel, P. H. 


Mott,-J..C. 


Parr, A. A, 


Prosser, C. L. eé al 


1939 


1957 


1942 


1929 


1926 


1938 


1957 


1926 


1950 


OF THE BLOOD IN TELEOSTS 53 


The influence of carbon dioxide 
on the utilisation of oxygen by 
certain species of fish in Toronto 
region. Amer. J. Physiol., 126, 
497-498. 

The acquatic respiration of fish 
from The Physiology of Ilishes, 
Vol. I, 1-55. Academic Press Inc., 
New York. 

The relation of adaptability to 
adaptation. Quart. Rev. Biol., 17. 
Haemoglobin concentration of ma- 
rine fishes. J. Biol. Chem., 81, 
589-594. 

The influence of asphyxiation on the 
blood conditions of the marine fishes. 
J. Biol. Chem., 77, 549-554. 


Practical Physiological Chemistry. 
J. and A, Churchill Ltd., London. 


An Outline of General Physiology. 
Saunders, Philadelphia. 


The quantitative determination of 
iron in tissues. J. Biol. Chem., 74, 
385-391. 

General Physiology. McGraw-Hill 
Book Co., New York. 

The Cardiovascular system—from 
The Physiology of Fishes, Vol. [, 
82-108. Academic Press Inc., New 
York. 

Adaptiogenese and Phyogenese-zor 
analyse der anapassunger scheinun- 
gen und ikre, enstechung. Theo. 
Organ. Ent., 1, 1-60. 

Comparative Animal Physiology, 
Saunders, Philadelphia. 


54 
18 


19 


20 


21 


Redfield, C. A. 


Rogers, C. G. 


Root, R. W. 


Willmer, E. N. 


M. S. DUBALE 


1933 
1938 


1931 


1934 


Evolution of the respiratory func- 
tion of the blood. Quart. Rev. Biol., 
8, 31-57. 

Text book of comparative Physio- 
logy. McGraw-Hill Book Co., New 
York. 

The Respiratory function of the 
blood of the marine fishes. Bzol. 
Bull., 61. 427-450. 

Some observations on the respiration 
of certain tropical fresh-water fishes. 
J. Exp. Biol., 11. 283-306. 


a a 


THE PIGEON BREAST MUSCLE LIPASE 
J. C. GEoRGE AND K. S. Scaria 


Laboratory of Animal Physiology, Department of Zoology, 
M.S. University of Baroda, Baroda 


HE presence of esterases in muscle is known since long ( Matlack and 

Tucker, 1940). Recently it was shown that the pectoralis major 
muscle of the pigeon and other highly active muscles of vertebrates and 
insects too contain a true lipase ( George and Scaria, 1956, 1957; George, 
Susheela and Scaria, 1958a, George, Vallyathan and Scaria, 1958 ). The pre- 
sence of this enzyme in these muscles was histochemically demonstrated 
using “‘ Tween 80” as substrate. (George and Scaria, 1958a, 1958b; 
George, Susheela and Scaria, 19582; George, Vallyathan and Scaria, 
1958). Later it was decided by the authors to study the properties of 
the pigeon breast muscle lipase and incidentally those of the pancreatic 
lipase too, under identical conditions, with a view to comparing them. 
Since the properties of the pancreatic lipase revealed by our study were 
in many respects different from earlier accounts on the pancreatic lipase by 
other authors, it was decided to present them separately in another paper. 
Here we report only the properties of the pigeon breast muscle lipase, 


Material and Methods 


In our histochemical study of lipase in muscle and pancreas we 
observed that treatment of the tissues with acetone completely destroys 
the enzymic activity. It was also observed that the lipolytic activity of 
acetone powder prepared according to the usual methods was nil, 
Acetone probably destroys the enzyme. It was therefore thought desira- 
ble to prepare a powder without treatment with acetone. Reviewing the 
literature, it was found that an ether defatted dry powder of Fusarium 
lint Bolly was used as the enzyme material by Fiore and Nord (1950) 
for their studies on this mould lipase. This method was tried and found 
highly satisfactory. The powder was prepared in the following manner. 
Pigeons were decapitated and the fectoralis major muscle removed when 
all the blood was drained off. The muscle was then minced with a knife, 
spread into thin layers in large petri dishes and dried im vacuo in a 
desiccator over calcium chloride. The dehydrated muscle was then turned 
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into a fine powder in a mortar and sieved through fine silk to remove the 
tendon and other coarse particles. The powder was then treated with a 
large quantity of cold ether for 1 hr., during which much of the fat was 
removed. It was then filtered, washed with more ether and dried at room 
temperature till all the ether was completely removed. This powder can 
remain for a long time in the refrigerator without much loss of the 
enzymic activity. Aqueous extracts of this powder was used as the 
enzyme solution in the present series of experiments. | 


500 mg. of this powder was extracted in 5 ml. water in a small 
mortar in cold for 1 hr., centrifuged at about 2500 r.p.m. and the super- 
natant used as the enzyme solution. i ml. of this solution contains 13 to 
14 mg. of protein. Protein was estimated colorimetrically according to 
the micro-Kjeldahl method (Hawk ‘et al 1954). This protein does not 
contain -SH or -S-S- groups as revealed by the fact that the nitroprus- 
side reaction for -SH and the lead-blackening test for sulphur ( Hawk 
et al, 1054) are negative. The enzyme solution when treated with BAL 
{ British-Anti-Lewisite, 2:3: dimercaptopropanol ) forms a blue green pre- 
cipitate which according to the descriptions of Webb and van Heyningen 
(1947 ) and-Barron e/ al (1947) is a BAL-iron compound. A solution in 
3N HCI of the ash of this precipitate was found to contain large quanti- 
ties of iron. 

‘Lipase activity was manometrically determined using the Warburg 
apparatus, in a bicarbonate-CO, buffer system of pH 7.4 at-37°C. The 
substrate used was a 4%, (v/v) emulsion of tributyrin in 0.0148 M 
NaHCO,, prepared. by. shaking with 1 or-2 drops of ‘‘ Tween 80” in a 
small conical. flask...Each- reaction flask contained 1.5 ml. 0.025 M 
-NaHCO,, 0.5 ml. of the substance under test in concentrations to give the 
final. concentrations as indicated below and 0.5 ml. enzyme in the main 
chamber.and 0.5 ml. substrate in the side arm in a total volume of 3 ml. 
This gives a: final concentration of 0.0148 M NaHCO, with a pH of 7.4 
(Umbreit ef al, 1951). The test solution was introduced into the reaction 
flask before the addition of the enzyme, except in cases where it is other- 
-wise stated. The flasks and manometers were gassed for 3 min. with.a 
mixture of 95% N, and5% COs. | After equilibration for 10 min. in the 
‘constant temperature water bath, the substrate was tipped in and allowed 
to equilibrate for another 3 min. This period is sufficient to ensure 
complete’ mixing of the contents’ i, the flask. The readings were taken 
~at regular intervals for Thro g 99 622 oo. ofad. 19VO 2 hae 
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For each experiment a control was run in which 0.5 ml. distilled 
water was added in place of the solutions under test. Autohydrolysis 
was nil. The readings given are after correction for the thermobarometer. 
The control produced on the average 11 to 12 p moles of CO, equivalent 
to the amount of butyric acid liberated, 


Results 


Effect of various Substances 


Inorganic salis: (Figs. 1 and 2) MgCl at low concentrations 
slightly activated the enzyme. NaCl, KCl, CaCl, and NH,Cl were 
inhibitory. 


Intermediate metabolites: (Fig. 3.) At concentration of 0.0025 M, ~ 
all the substances except citrate activated the enzyme to a limited extent. 
Highest activation was obtained in the case of « ketoglutarate at a 
concentration of o.or M, 


Amino acids: (Fig. 4) Both the amino acids tested viz. histidine 
and L-methionine were inhibitory. At a concentration of o.or M the 
inhibition by methionine was only 4% and by histidine about 25%. 


Adenosinetriphosphate (ATP) : ( Fig. 5) Slightly activated the muscle 
lipase, There was no inhibition upto a concentration of 107? M. 


Heparin: (Fig. 6) Inhibited the enzyme about 12% at a concentra- 
tion of 4o » g/ml. 


Urethane: (Fig. 7) Slightly activated the enzyme at a concentra- 
tion of 0.2%. At higher concentrations the enzyme was inhibited, the 
inhibition being about 12% at a concentration of 1%. 


Sodium taurocholate: (Fig. 8) Was found to inhibit the enzyme 
to the extent of about 50% at a concentration of o.or M. 


Metal chelating agents: 8-hydroxyquinoline is known to bind many 
metals in biological materials ( Albert and Gledhill, 1947 ). The solubility 
of this substance in water is extremely low. A saturated aqueous solu- 
tion was prepared ( 31°C) and 1.5 ml. of this solution was added to 1.5 ml. 
of the enzyme and incubated for 30 min. at 37°C. A control was prepared 
by similarly incubating 1.5 ml. of the enzyme with 1.5 ml. water. 1 ml. 

each of these pre incubated enzymes was added to each flask and the 
enzyme was found to be inhibited about 4.5% by this reagent, 
Mg 
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EXPLANATION OF FIGURES 

Effect of various substances on the pigeon breast muscle lipase. 
Fig. 2.1, CaCl,; 2, MgCl,. Fig. 3. 1, Pyruvate ; 2, Succinate; 3, Fumarate; 4, Malate; 5, Lactate ; 
glutarate ; 7, Citrate. Fig. 4. 1, Histidine; 2, L-methionine, Fig. 5. ATP, Fig. 6. Heparin, Fig. 7. Ure 


Fig. 1. 1, NaCl; 2,. KO 355 
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, Béleot of various substances on the pigeon ‘breast muscle lipase. Fig. 8. Sodium tauro- 
tholate. Fig. 9. 1, lodoacetate; 2, Potassium ferricyanide, Fig, 10. Thioglycollate. Figs. it & 12,7, 


utathione 2, Cysteine. Fig. 13. BAL, Fig. 14.1, PCMB; 2, HgCl,. 
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Thiol reagents. Alkylating agent: Iodoacetate—The enzyme was 
not affected much by this reagent at concentrations upto 1o- M ( Fig. 9). 


Oxidizing agent: Potassium ferricyanide at concentrations upto 
10-* M was without any action on this enzyme ( Fig. 9). 


Reducing agents: Monothiols—Thioglycollate slightly activated the 
enzyme at concentrations below 005 M. At higher concentrations it in- 
hibited the enzyme. Only 4% inhibition was noticed at a concentration 
of 0.1 M ( Fig. 10). 


Glutathione and cysteine: Both these substances were inhibitory. 
Glutathione was more effective as an inhibitor. At a concentration of 
0.05 M, the enzyme was inhibited 90% by glutathione and about 50% by 
cysteine (Fig. 11). At lower concentrations, viz. 0.001 to 0.003 M, 
glutathione still inhibited the enzyme, but cysteine activated it slightly at 
a concentration of 0.003 M ( Fig. 12), 


Dithiol:. At all concentrations BAL inhibited the enzyme. The 
inhibition was directly related to the concentration of the substance 
added ( Fig. 13). 


Mercaptide forming substances: p-Chloromercuribenzoate ( PCMB ) 
at all concentrations was inhibitory. At a concentration of 0.0025 M, the 
inhibition was about 75% (Fig. 14). 


Mercuric chloride: At the same concentrations as that of PCMB, 
HgCl, inhibited the enzyme more effectively (*Fig. 14). Even at very 
low concentrations of HgCle, the enzyme was considerably inhibited. 


Effect of pre-incubating the enzyme first with HgCl, and then with 
BAL. To 1.5 ml. of the enzyme solution was added 0.5 ml. 2.4 X 107M 
HgCl, and incubated for 15 min. at 37°C. A control was also similarly 
incubated side by side with 0.5 ml. H,O added to 1.5 ml. of the enzyme 
(tuber). To 1 ml. of the former was added 1 ml. H2O (tube 2) and to 
the remaining, 1 ml. 6 X 10°*M BAL. To tube 1 was added 2 ml, H.O 
so as to make the concentration of the enzyme the same in all the three 
tubes. All the tubes were again incubated for 15 min, and 1 ml. each 
was added to the Warburg flasks in duplicate and the activity of the 
enzyme determined as usual. The results are given in Table 1. Flask 2 
had a final concentration of 107° M HgClp and flask 3 contained to-' M 
HgCl, and 10° M BAL, 


f 


: 


) 
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Activity, pl CO, liberated 


Control, without Enzyme + Enzyme + HgCh, 
addition HgCl,, ro-> M to—>M + BAL, 10-47 M 
(1) (2) (3) 
285 271 246 


Table 1. Effect of pre-incubating pigeon breast muscle lipase with 
HgCl, and BAL. 


It can be seen that the enzyme is slightly inactivated by Heli ‘The ad- 
dition of BAL brings about a further inhibition of the enzyme by 9%. 


In another set of experiments in which the concentration of HgCl, 
and BAL was ten times that in the previous experiments the following 
results were obtained ( Table 2 ). 


Activity, 1 CO, liberated 


Control without Enzyme + HgCl, — Enzyme + HgCle, 
addition to? M to? M + BAL, 107M 
(x) (2) (3) 
257 200 250 


Table 2. Effect of pre-incubating pigeon breast muscle lipase with HgCl, 
and BAL. 


At this concentration the muscle lipase was inhibited 22% by HgCle 
_and the inhibition was almost completely reversed by BAL. 


Effect of preincubating the enzyme first with BAL and then with HgCls. 

_ 1.5 ml. of the extract was incubated for 15 min. with 0.5 ml. 6x10-* M BAL 
at 37°C. Asimilarly incubated enzyme to which 0.5 ml. H2O was added was 
used ascontrol (tube 1). Tox ml. of the former was added t ml. H,O (tube 2) 
_and to the remaining, 0.6 ml. 2.4x107* M HgCl, and 0.4 ml. H,O ( tube 3). 
2 ml. H,O was added to tube 1 and the tubes incubated for a further 
period of 15 min. 1 ml. each of these preparations was added to the flasks 
and the activity noted. The final concentration of BAL and HgCl, in the 


62 J. C. GEORGE AND K. S. SCARIA 


flasks was 2.5 x I0-*M and 2.4 x 10-* M respectively. The results are given 
in table 3. 


Activity, 4,1 CO, liberated 


- 4 
Control, without Enzyme + BAL, Enzyme + BAL, 2.5xX10~* M + 


addition 2.5% 1074 M HgCh, 2.4 < r07* M 
(1) (2) (3) 
223 175 170 


ea eer e Sen omen Or te ao Sn RE Ee ee ek, 
Table 3. Effect of pre-incubating pigeon breast muscle lipase with 
BALand HgCls. 
22% of the activity of the enzyme was inhibited by BAL. This in- 
hibition was not reversed by HgCl,. 


Discussion 


The studies on enzymes hydrolysing fats and esters have recently 
been extensively reviewed by Ammon and Jaarma (1950). It is known 
that lipases from different sources differ from each other with regard to 
their solubility, specificity and kinetic properties. Even though there is 
a certain degree of overlapping of substrate specificity between the non- 
specific esterases and lipase, it is generally agreed that the enzyme 
hydrolysing tributyrin is a true lipase ( Desnuelle, 1951). From the 
results presented in this paper, it is clear that the muscle lipase hydrolyses 
tributyrin rapidly. In a titrimetric system also this enzyme readily 
hydrolyses tributyrin, but the hydrolysis of olivé oil is very slow ( George 
and Scaria, 1956). ‘The rate of hydrolysis of olive oil by the pigeon 
pancreatic lipase is likewise very slow compared to the action on tribu- 
tyrin. -However, in a manometric system olive oil is not hydrolysed by 
any of these lipases, an observation also made by Martin and his colleagues 
(Martin and Peers, 1953) using oat lipase. The non-hydrolysis of olive 
oil in such a system, according to these authors, is due to the predomi- 
nance of water in the system. 

The purpose of the present study was to compare the properties ‘of 
the muscle enzyme with those of the pancreatic lipase. The ‘studies on 
the latter enzyme is reported elsewhere (George and Scaria, 1959). It 
was suggested that each of these enzymes is adapted for maximal activity 
in the physiological ‘environment in ‘which it acts, on the grounds that the 
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pancreatic lipase is activated by sodium taurocholate and inhibited by 
intermediary metabolites. The action of muscle lipase also supports this 
assumption. This enzyme is inhibited by sodium taurccholate and is 
activated by intermediate metabolites. It should be remembered that the 
pancreatic lipase acts in an environment rich in bile salts which are 
promoters of digestion. The muscle lipase on the other hand is intracel- 
lular and the metabolic pool constitutes its physiological environment. 
The exact mode of activation of pancreatic lipase by bile salts is not 
understood. The present study shows that the activation is not due to 
the emulsification of the substrate by reducing its surface tension, as is 
commonly believed. The fact that ATP does not inhibit the muscle 
{lipase up to a concentration of ro“? M further supports this assumption. 
It should be noted here that at this same concentration the pancreatic 
lipase is inhibited about 56% by ATP ( George and Scaria, 1059) Heparin 
inhibits the muscle enzyme as well as the pancreatic enzyme. The enzyme 
does not require any cation for its activity. The possibility that the 
enzyme requires cations for its activity and the required cations in suf- 
ficient amounts may be present in the muscle enzyme preparation is not 
excluded. At any rate added cations have only an inhibitory effect except 
in the case of Mg, which shows a slight activation at low concentrations, 


The negative results obtained with the nitroprusside reaction and 
the lead-blackening test indicate that the enzyme does not contain either 
-SH groups or -S-S- groups in its protein. The pancreatic enzyme also 
gave the same results. In this context it is interesting to note the behaviour 
of this enzyme in the presence of sulphydryl reagents. According to 
Dickens (1933) iodoacetate reacts by substitution of the hydrogen of 
the sulphydryl by the carboxymethyl group. Michaelis and Schubert 
(1934) however have noted that acid halides combine with amino groups. 
Both potassium ferricyanide and iodoacetate inhibit the pancreatic 
lipase. The inhibition by the former is not due to the oxidation of the 
-SH group and the inhibition by the latter is explained as due to com- 
bination with reactive NH, groups (George and Scaria, 1959). These 
chemicals, however, do not appreciably inhibit the muscle lipase at 
concentrations used for the pancreatic lipase. This may be due to the 
fact that the protein content of the muscle lipase preparation is about 20 
times that of the pancreatic lipase preparation and there is competition 
between the enzyme protein and the non-enzymic protein for the inhibitor. 
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An alternative suggestion is that it may be due to interaction with other 
substances present in the enzyme solution. 


The muscle lipase apparently differs from the pancreatic lipase in that 
the latter is activated by HgCl, at very low concentrations, while the 
former is not. This may not be a real difference, if, the activation by 
HgCl, is due to the binding of some inhibitory substance present in the 
enzyme. PCMB, just like HgCl,, inhibits the enzyme at all concentrations. 
This inhibition may be due to the binding of reactive NH, groups of the 
protein because there are no—SH groupsin the enzyme with which these 
substances can form mercaptides. It is known that the mercaptide form- 
ing substances can also combine with the amino groups of proteins 
(Barron, 1951). It may be noted that Little and Caldwell (1943) 
have shown that freely reactive NH. groups are required for the activity 
of pancreatic lipase. 


It has been suggested that the pigeon pancreatic lipase may be a 
metallo-protein or an enzyme requiring metal for its activity and the re- 
activity of the enzyme with reducing substances such as monothiols and 
dithiols may be due to reaction with the metal part required for activity 
‘and not with any -SH or -S-S- groups. Thiols combine with metals form- 
ing mercaptides of varying degrees of reversibility. The inhibition of 

-metal containing enzymes by BAL is believed to be due to this reaction. 
.( Barron et al, 1947). 


Me + 2 RSH <=> Me (RS), + 2H* 


The muscle lipase preparation contains a large amount of iron. 
This iron might be mostly from the myoglobin and other soluble sub- 
stances present in the muscle. However, when the metal was precipitated 
by BAL, the enzyme was inactivated, showing that some metal is essential 
for its activity. The insoluble blue green precipitate formed with BAL is 
a BAL-iron compound (Barron et al, 1947; Webb and van Heyningen, 
1947 ). The essential metal may also be one like Mg. which can form solu- 
ble metal complexes with BAL, The reactivation by BAL of the enzyme, 
inhibited by HgCl, may be due to the removal of the inhibitory effect by 
combining with this metal for which BAL has a greater affinity. However, 
unlike the pancreatic lipase, the inhibition of the enzyme by BAL is not re- 
versed by the addition of HgClz. The inhibition of the muscle lipase by 
8-hydroxyquinoline though to a lesser degree also suggests that it may be 
a metal requiring enzyme, The failure of the chemical in inhibiting the 


fie 
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enzyme to a greater extent may be explained as due to the extremely low 
concentration of the chemical used and the very high concentration of metals 
present in the enzyme solution. Higher concentrations of this reagent 


could not be tested because of its very low solubility in water. Monothiols 


like cysteine can also form complexes with metal ions (Warburg and 
Sakuma, 1923). The inhibition of muscle lipase by BAL can be therefore 
explained as due to formation of complexes with metal ions required for 
its activity. The slight activation of the enzyme by cysteine and 
thioglycollate at low concentrations may be due to the binding of inhibi- 
tory metal ions. Whereas this enzyme is activated by low concentrations 
of cysteine, the pancreatic lipase is activated by low concentrations of 
glutathione. The ability of these substances to combine with different 
metals varies considerably (Barron ¢ al, 1947 ; Webb and van Heyningen, 
1947 ). 

In conclusion it may be said that the muscle lipase in all essential 
features of its activity resembles the pancreatic lipase. Both appear 
to be enzymes requiring metal ions and reactive NH, groups for activity 
and are devoid of reactive -SH or -S-S- groups. No requirement of added 
cations could be demonstrated. Heparin is inhibitory to both the 
enzymes. The difference in the reactivity of these enzymes in the 
presence of various substances is due to interference with inhibitory or 
activating substances present in the crude undialysed enzyme preparations, 

as ‘Summary -- iat 

Certain biochemical properties of the pigeon breast muscle lipase are 
studied and compared with those of the pigeon pancreatic lipase. -Added 
cations are not required for the activity of this lipase. This enzyme 
appears to be devoid of either -SH or -S-S- groups in its molecule and one 
requiring metal ions and reactive NH, groups for its activity. Compara- 


tive tests with pancreatic lipase have shown that there are certain 
‘apparent differences between the two lipases. Despite these differences 


pointed out, there are not sufficient grounds to regard this enzyme to be 


~ different from the pancreatic lipase. 
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RESULTS OF FRACTIONAL GASTRIC ANALYSIS EXAMINATION 
IN GASTRIC DISORDERS 
( Part II) 


M. L. Pai 
I. C. M. R. Inquiry, Depariment of Physiology, Medical College, Baroda 


ESULTS of gastric examination by fractional test meal method were 

reported from this laboratory ( Pai, 1956 and 1957). In this paper re- 
sults of further analysis of the examination of gastric secretory function 
by fractional method are set forth. 


Materials and Methods 


Forty-six cases, admitted for complaints of gastric troubles, out of 
whom forty were males and six females, of age varying between 16 and 
66 years, coming from this part of the country, namely, Gujarat, have 
been studied for their gastric secretory function by the technique of frac- 
tional Test meal, with the alcohol ( Bloomfield and Keefer (1927), and/or 
histamine Test meal, ( Bloomfield and Polland (1929) ), according to the 
methods which were standardized and reported in the earlier communica- 
tions ( Pai, 1956 and 1957). 

Results and discussion 


The following criteria were given by Napier and Das Gupta ( 1935 ) 
and Napierchaudhari and Raichaudhari (1938) for classifying acid 
curves based on the highest free acidity obtained per 100 cc. of gastric 

— juice :— 
(1) Achlorhydria No free hydrochloric acid. 
(2) Hypochlorhydria Free hydrochloric acid. 
I to 10 cc. N/10 acid %. 
(3)  Isochlorhydria Free hydrochloric acid— 
Ir to 65 cc. N/to acid %. 
(4) Hyperchlorhydria Free hydrochloric acid— 
more than 65 cc. N/ro acid %. 
_. The ranges of the acidity readings in the above four groups of the 
forty-six cases with the mean values and the standard error calculated 
_have-been shown in Table I. The gastric samples aspirated were quali- 
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tatively analysed for the presence or otherwise of starch, mucus, blood, 
bile and lactic acid according to the method described in the earlier com- 
munication ( Pai, 1957). In Table II, aré shown the results of the 
percentage incidence of the positive tests obtained for the above abnormal 
constituents in the gastric samples. In the same table are also shown 
the results of the percentage incidence of the cases confirmed by histamine 
Test meal done on the second occasion, after the alcohol Test meal had 
been done first. The above results have been shown separately for each 
of the four groups classified as described above ( vide Table IT). 


Achlorhydria : 


Out of nine cases of achlorhydria as determined by alcohol meal 
test, five were confirmed as cases of true achlorhydria, whereas the remain- 
ing four were found to be pseudoachlorhydric, after the histamine meal 
test. Histamine meal examination thus becomes an important test for 
determining the secretory power of the stomach under standard but un-. 
physiological conditions. One patient, showing pseudoachlorhydric re- 
sponse, with highest free acidity of 7 cc. N/ro acid % after histamine meal 
test, was found to be suffering from ankylostomiasis as well. Bile was 
found to be present in the gastric samples of 11% of the total pumber of 
cases, and mucus in 33%, whereas none of the cases showed the presence 
of starch, lactic acid and blood in the gastric samples. 


Hy pochlorhydria : 


In seven cases with hypochlorhydric response, the range of acidity 
was from 2.0 to 5.5 cc. with the mean of 4.3 + 0.59 cc. N/1o acid %. 
The condition of ankylostomiasis was associated in five out of the seven 
cases. Thus the incidence of the occurrence of ankylostomiasis, which 
was 70% in this group, was the highest amongst all the four groups 
studied. Thus ankylostomiasis, is associated with a very low acidity of 
the gastric juice. This is in conformity with the observation made earlier 
(Pai, 1957). Bile was present in the gastric samples in 14%, mucus in 
56% and starch in 14% of the cases. None of the cases showed the pre- 
sence of either blood or lactic acid in the gastric samples. Histamine meal 
test confirmed the hypochlorhydria in 14% of the cases. 

Tsochlorhydria :— 
Eighteen cases gave the isochlorhydric response. In only 6% of the 


cases, ankylostomiasis was associated. The range of acidity was from 14.0 
to 40.0 with the average of 25.4 + 2,05 cc, of N/1o acid %, Histamine 
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TABLE I 


Results of fractional gastric analysis, showing the range of highest 
free acidity, with the average thereof and the standard error 


Highest free hydrochloric acid in 


Type of response Oe 
after the fractional TN 


gastric analysis 


examination sHpjeats Maximum Minimum Mean eae 
(1) Achlorhydria 9 (0) fo) (0) — 
(2) Hypochlorhydria 7 . 5.5 2.0 4.3 + 0.59 
(3) Isochlorhydria 18 40.0. I4.0 25.4 + 2.05 
(4) Hyperchlorhydria uy) 100.0 72.0 82.3 + 2.80 


TABLE II 
Results of the gastric analysis by fractional method, showing the per- 
centage incidence of the qualitatively detected substances 


Percentage Incidence of the presence of the qualitatively 
detected substances 


Range of 


Z Bn 2 
the highest BES 
Condition _ free acidity Confirmed = 3 Fs 1 
ince. N/to after Blood ee sye 
acid % histamine ‘ © 32x od 
ao 12) sae 
meal test Beet Ola ae pe Sho 
a2 8 3 825° 
+: mM Ba be: bem & 
Achlorhydria Absence In all :— nil De 93 aenileonil II 
Givitee ye oes 
HCl achlorhydria 
in 44%: 
True 
achlorhydria 
in 56% 
Hypochlorhydria 2.0 to 14 nil 14 56 14 nil 70 
5:5 
Isochlorhydria 14.0 to 12 6 (may be 30 30 nil 6 6 
due to in- 
AP? jury while 
introducing 
the tube) 
5; Hyperchlorhy- a2 tO 16 40% (from 24 8 8 nil 16 
dria 100,0 Smongst 


peptic ulcer 

cases whose 
incidence 

. was 50% ) 
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meal test was done in 12 % of the cases, for confirmation. Bile and mucus 
were present in gastric samples in 30% of the cases, starch in none and 
lactic acid and blood in 6%, The presence of blood might have been due 
to injury caused while introducing the tube. 


Hyperchlorhydria : 


Twelve cases out of the total of 46 cases gave hyperchlorhydric re- 
sponse, with the range of acidity from 72.0 to 100.0, having the mean value 
of 82.3 + 2.80 cc. of N/to acid %. Ankylostomiasis was associated in 
16% of the cases, whereas the incidence of peptic ulcer was 50%. Out of 
these 50% of the cases, in 40% was found the presence of blood in their 
gastric samples. Bile was present in the samples in 24% of all the cases, 
starch and mucus in 8%, whereas none showed the presence of lactic acid 
in their gastric samples. Histamine Test-meal was done in 16% of the 
cases, 

Summary and conclusions 


(x) Forty-six cases, admitted for complaints of gastric troubles, 
out of whom forty were males and six were females, of age varying 
between 16 and 66 years, coming from this part of the country, namely, 
Gujarat, were studied for their gastric secretory function by method of 
fractional gastric analysis with the alcohol and/or histamine Test meal. 
The gastric samples were analysed quantitatively for the acidity content 
and qualitatively for the presence or otherwise of blood, starch, mucus, 
lactic acid and bile. 


4 


(2) Out of the total of 46 cases, 9 gave achlorhydric response, 
7 gave hypochlorhydric, 18 gave isochlorhydric and 12 hyperchlorhydric 
responses. 


(3) The condition of ankylostomiasis was associated in 70% of 
the cases belonging to hypochlorhydric response, which was the highest 
incidence in this group when compared to the other groups. Thusan kyl- 
ostomiasis is associated with a very low acidity of the gastric juice, This 
finding is in conformity with the similar finding already reported by 
the author. 


(4) Histamine test meal confirmed true achlorhydria in 56% of- 


the cases of the achlorhydric group. Thus histamine meal examination 
becomes an important test for determining the secretory power of the 
stomach under standard but unphysiological conditions. 


a 
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(5) From amongst the cases of the hyperchlorhydric response, 
fifty per cent cases showed the incidence of peptic ulcer. Blood was found 
to be present in the gastric samples in forty per cent out of these peptic 
ulcer cases. 


(6) The percentage incidence of the presence of blood, bile, mucus, 
starch and lactic acid in the gastric samples in the cases of the above 
four groups separately has been shown in a tabular form. Data has been 
statistically analysed to evaluate the results. 


(7) The results obtained above have been discussed in the paper 
and their significance has been emphasized. 
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NE FIRST ALL-INDIA CONGRESS OF ZOOLOGY—1959 


(Sponsored by the Zoological Society of India ) 
Jabalpur : Qctober 24-29, 1959 _ 


The First All-India Congress of Zoology, sponsored by the Zoological 


_ Society of India will be held at Jabalpur (M, P.) from October 24-29, 1959, 
at the invitation of the University of Jabalpur. 


The proposed programme includes scientific meetings for members, 
Fellows, invited visitors, -reading and discussion of original papers in vari- 


ous branches of Zoology and a series of popular lectures. Symposia will 


be arranged and several distinguished scientists from all over India and 


~ abroad will be attending and taking part in them. These meetings are 


expected to prove to be highly instructive and significant scientifically. 
Particulars regarding the Congress could be had from the General Secretar- 


ery oe ies Dr; B. S. Chauhan, 34, Chittaranjan Avenue, Calcutta 12 and Dr. P. N. 
-. Ganapati, Department of Zoology, Andhra University, Waltair. 
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—_— = SHARROEPSEG: is the rational choice. ig 


POMPCSEN ak Le ore 
(Each 30 ml. represents:— oe = 
[Vitamin A (from 2.4 ml. of eee eee 
i 25,000 1.U.. 


Shark Liver Oil approx.) 


fous llr, | pia Din 5,000 1.U. 


=f A ‘Saccharated Oxide of Iron 1 BSS, GI (OS. BOON tees ae 
Wy ‘Hypophosphites of Lime, Ba cae oN Uae, 
CUA Sodium & Potassium B.P.C. 0.8 G. (12k ert) - 
Vitamin By B.P. < 3 meg. siete st 
Vitamin Bz (Riboflavin g.P. ) 2 mg. 
‘Niacinamide BP. ~. 40 mg. 
‘Copper & Manganese . Traces, 
Palatable base enriched with 


flavoured Malt Extract q.5: Po 
“ Approximate apothecary equivalent — ee ath poe 


Bottles of 454 Gms. (1 Ib. approx. ) : ow 
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